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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

1. SUMP SYSTEM DESCRIPTION

. V-4400 is an existing concrete sump that has been modified to allow only wastewater flows to
enter the containment area pan and sump. This modification to the original design provides a
definitive process break between all waste streams and product streams in the furnace area.
As a result, the sump provides temporary containment for wastewater from the Furnace #4
Medusa Scrubber, wash down water, pump seal water, and wastewater from the Slurry Pots.
In conjunction to being a stand-alone system, the containment area pan of sump V-4400 also
functions as the secondary containment for the Furnace #3 Slurry Pots. The modified V-4400
sump was placed into service during August 1999.

The sump and containment area pan are double lined with stainless steel and include manually
operated interstitial leak detection systems. The containment area surrounds the sump and is
curbed and sloped to funnel all liquids into the sump. The leak detection system for both the
sump and for the surrounding containment area consists of a manually operated sealed dip
tube, with dipstick, which accesses a low point in the interstitial space between the primary
and secondary liners. The plant operators monitor for leakage on a regularly scheduled basis.

The sump is sized to contain a 3500 gallons of liquid (nominal). The surrounding curbed

containment area can contain an additional 5600 gallons of liquid prior to overflow. Three

level indicators provide overfill protection in the sump. All fluid from this sump is pumped by

either pump P-4401 or P-4402 through ancillary piping, to the V-3600 Wastewater Collection

Tank System. Sump ventilation is provided by an offgas blower, F-4400, which collects and
‘ sends all fumes in the sump to the Furnace Scrubber System.

2. SUMP SYSTEM DESIGN ASSESSMENT (Para. 265.192)
2.1 WASTE STREAM CHARACTERISTICS
2.1.1 Waste Stream Descriptions.

The V-4400 Wastewater sump is a collection point for many different process waste streams.
The streams vary in pH, temperature, and concentration of solids. = A description of each
stream characteristics is as follows:

e PWC - Phossy Water Cold, Pond 8B .

PWC is clarified pond water recycled to the plant from pond I8B. The phosphorus-
bearing wastewater streams enter pond 18A where the solids are allowed to settle. The
| clarified water then overflows to pond 18B. PWC contains Py in concentrations at the
solubility limit of P, in water (~ 3 ppm) and has a pH ranging from 6.5-8. The
temperature of the PWC ranges from ~ 32" F in the winter to 80° F in the summer. This
water is used as pump seal fluid for the sump discharge pumps (P-4401 & P-4402), and

supplies the wash water/fire suppression sprays in the sump. The pump seal flow rate is
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

continuous at 5-10 gpm. The water sprays are manually turned on and off with a flow rate
of 8 gpm to the nozzle.

e Precipitator Slurry

The Precipitator Slurry is a mixture of furnace offgas solids and water (hot clarified
phossy water, heated PWC or slurry decant water) produced in the Precipitator Slurry
Pots. The slurry is normally alkaline with a pH ranging from 8-12. Abnormal furnace
upsets result in major air leakage into the furnace offgas system, causing acid formation
that can lower the pH of precipitator slurry to a pH of 4. Typically the precipitator slurry
contains low concentrations of elemental phosphorus (0-2500 ppm), but can reach
concentrations as high as 4 percent by weight if the slurry system is operated with hot
clarified phossy water and problems with the clarifier occur. The Precipitator Slurry
temperature ranges from 120- 160°F and has a solid concentration normally between 11 -
20 percent by weight. Precipitator slurry is not a normal process stream into V-4400.
Typically slurry enters the sump during maintenance operations when the precipitator and
slurry pots are washed down. It can also enter the sump if a slurry pot overflows into the
containment area. The slurry can also be directly pumped to the Wastewater sump as a
backup to the line going directly to the V-3600 Wastewater Collection Tank System.

e Medusa Scrubber Liquor

The Medusa Scrubbers collect tapping fumes from the slag and metal runner areas
including acid fumes generated in the tapping process. The scrubber liquor has a pH from
4-6 with an operating temperature of 85" F. Suspended solids in the scrubber liquor are
typically less than 0.5 percent by weight.

¢ Resulting Mixed Waste in Collection sump

The resulting composition of the mixed waste in the sump as defined by the streams
described above will vary widely depending upon the flow conditions into the sump and
the furnace operating conditions. Typically process water will have a pH in the range of
5.5-7.5 with a suspended solids concentration of 0.5 percent by weight. For short
durations, the mixed waste pH can range from 4 to 12 and suspended solids will peak at
20 percent by weight. The normal temperature of the mixed waste in the sump is 85°F,
however, 205°F can be attained. The discharge line from the pumps can be purged with
saturated steam at 100 psig.

2.1.2 Waste Stream Effect on Materials of Construction

All wetted areas of the sump and containment area are constructed of T316L stainless steel
(SS). This material was selected on the compatibility requirement for the characteristics of the
worst case stream contained by the sump. This material provides strength, durability,
corrosion resistance, and longevity to the sump. See Appendix 2 for material of construction
design requirements.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

e PWC is transported in piping meeting the ES-2-1-0 material specification (Carbon Steel-
Appendix 4). The clarified water pH is near neutral. There is the potential for scaling or
rust formation due to the high total desolved solids in the fluid.

e Precipitator slurry is transported in pipe meeting the ES-2-31-0 piping specification
(Carbon Steel-Appendix 4). In normal operating conditions, the slurry is alkaline and
contains 11-20 percent solids by weight. During this condition there is a possibility of
scaling.

e Medusa scrubber liquor is transported in pipe meeting the ES-2-2-0 material specification
(T316L Stainless Steel-Appendix 4). The scrubber liquor is acidic and slightly corrosive,
stainless steel is utilized for corrosion resistance.

e Mixed waste is discharged via pumps P-4401 and P-4402. All the discharge piping meets
the ES-2-2-0 material specification (T-316L Stainless Steel-Appendix 4).

2.2 WASTE WATER COLLECTION SUMP
2.2.1 Construction Design

The V-4400 Wastewater Collection sump is a concrete sump that is lined with primary and
secondary liners constructed of T316L SS diamond plate as a corrosion-protection measure.
The dimension of the interstitial space between the primary liner and secondary liner will be
controlled by the bottom of the primary liner plate setting upon the diamond pattern of the
secondary liner plate. This diamond pattern also provides continuous support for the primary
liner plate, which is subjected to a hydrostatic liquid head. Hydrostatic head varies depending
upon the depth of the liquid in the sump.

The curbed containment area surrounding the sump, and the inside vertical surfaces of the
curb around the containment area are also double lined with T316L SS diamond plate. The
top of the liner is attached to the curb with a flouroplastic/glass expansion joint, which will
flex and thus allow for movement of the liner due to thermal expansion and contraction. The
bottom surfaces of the existing concrete sump were cleaned and then surfaced with a layer of
grout. The grout will be used to establish the slope of the bottom surfaces of the sump and of
the surrounding containment area and provides uniform support and correct slope for liner
plates.

2.2.2 Design Standards

Since the Primary and Secondary liner plates are continuously in contact and supported by the
concrete foundation they are considered a component of the sump system. Therefore, no
design calculations in regards to the structural strength for the support of the sump liner are
required, only calculations of the stress effects on the liner due to thermal changes. See
Section 2.4 for discussion of the sump foundation design and construction.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

The stress analysis of the thermal effects on the liner plates was performed using a finite
element analysis. ANSYS Version 5.3 computer program was used for the analysis. The
design of the liner plates as applied over the inside surfaces of the containment area is based
upon reducing the thermal stresses and deflections in all liner plates to acceptable levels.

2.2.3 Structural Strength and Anchorage

Based upon the results of the thermal analysis as described in Paragraph 2.2.2 above, the liner
plates are cradled by the foundation, and are allowed to flex with changes to the thermal
environment of the contained material. The vertical sidewalls of the surrounding containment
area curbs are designed with an expansion joint to relieve the thermal stresses caused by the
thermal expansion and contraction of the liner plates.

2.2.4 Overpressure / Overfill Control

Overpressure
e The sump is not subject to any possible overpressure scenarios for the following

reasons:

¢ The perimeter of the sump lid is open grating to the building interior, and any
fumes which develop are collected and sent to the furnace scrubber system with
the F-4400 Vent Fan.

¢ The sump operates at normal atmospheric pressure. The only pressure applied
to the sump plates is a hydrostatic pressure due to the liquid head acting on the
bottom and side plates, which are fully supported by the concrete foundation.

Overfill

e Redundant level elements LE-44001, LE-44002, and LE-44003 have been installed
into the sump. These level instruments control the pumps through the Furnace #4
Honeywell Distributed Control System (TDC 3000). The sump Pumps pump liquid to
the V-3600 Tank System. The Pumps are started and stopped automatically depending
upon the level of the liquid in the sump. All flow into the sump is shut off upon the
sensing of a "High-High Liquid Level", which closes the solenoid operated shutoff
valves located in the liquid inlet piping.

2.3 SUMP AUXILIARY EQUIPMENT
2.3.1 Sump Fume Fan
The sump is equipped with a 20 HP, 2500 CFM off-gas blower mounted in the 8” duct line on

the sump. The blower draws all the fumes from the sump and discharges them to the Furnace
Scrubber System. See Appendix 5 for fan information.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

2.3.2 Sump Pumping System

2.3.2.1 Materials of Construction

The sump pumps, P-4401 and P-4402, are vertical cantilever pumps constructed of 28%
chrome for the wetted parts. The shaft is constructed of stainless steel. See Appendix 5
for pump information.

2.3.2.2 Design Standards
The sump pump is designed to pump 250 gpm at 80 ft of head using a 25 HP motor.

2.3.2.3 Installation Details

Pumps P-4401 and P-4402 are located in a South/North relationship with respect to each
other. The pumps are mounted within sump V-4400 and are situated at the low point of
the overall sump.

2.4 SUMP FOUNDATION

Since the plant’s initial design of 1948, several upgrades where implemented within the area of
the current V-4400 sump area. These upgrades were either constructed on top of the existing
concrete or required removal and replacement of this concrete. The current design has
redefined the containment plan. As a result, the redefined area required the installation of a
new containment boundary wall and backfill of some of the previous slurry tank containment
area.

2.4.1 Construction Design

For the existing foundation design and previous upgrades, the materials of construction
consisted of a reinforced concrete. For this modification, the existing concrete was first
removed, then the exposed matting surfaces were roughened, cleaned, and a bonding agent
was applied before placement of the new concrete. Twelve to eighteen inch lengths of
existing steel reinforcing were left intact, the existing subgrade under the slab consists of
minus 3/8” crushed slag fill which was compacted in maximum 6” lifts. The concrete’s
compressive strength is 3000 psi at 28 days.

For the current containment area, the existing slab-on-grade and portions of the existing
containment walls were reused. The new areas were bonded to the existing concrete after all
laitance, unsound concrete, oil, grease stains, paint and other contaminants were removed.
The surface was roughened to expose a solid aggregate surface with at least a 1/8” profile
prior to application of the bonding agent. The concrete compressive strength is 3000 psi at 28
days. Drawings in Appendix 3 depict the area of the current containment and sump.

2.4.2 Design Standards

Proportioning, mixing, and placing of concrete was conducted in accordance with ACI 318
and Project Specification B05.00T (Appendix 3).
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
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2.4.3 Soil Bearing/Structural Strength

The sump is integrated into the overall furnace building foundation therefore not making it
prone to dislodgment. The original foundation and subsequent upgrades used crushed slag fill
of minus 3/8” material which has been compacted in 6” lifts, maximum, as a subgrade. Since
the foundation’s initial installation, the area has not been adversely subjected to the effects of
ground water, seismic conditions or nearby vehicular traffic.

An independent assessment of the existing sump was conducted to analyze the adequacy and
water tightness of the sump. The results proved that sump to be adequate and qualified to
handle the present loading conditions. The details of this calculation are in Appendix 3.

2.4.4 Frost Effects

Non-frost susceptible granular slag is used as a subgrade material. This material is not subject
to frost heaving. The formulation of this subgrade material is identified in the Dames &
Moore Geotechnical Report in Appendix 3.

In addition, the sump is located within the furnace building which provides protection from
the elements. Therefore, its strength is not jeopardized by extremes in temperatures,
excessive moisture, ultra-violet radiation, high winds, etc.

2.5 SUMP ANCILLARY SYSTEMS
2.5.1 Ancillary Piping System

2.5.1.1 Materials of Construction
See Section 2.1.2 and Appendix 4 for Piping Material Standards. The piping is specified
per ASTM specifications.

2.5.1.2 Design Standards

The piping is designed in accordance with ASME/ANSI B31.3 Process Piping formally
Chemical Plant and Petroleum Refinery Piping. All process streams associated with the
V-4400 sump are considered category “General” fluid service. Pipe schedules, which are
consistent with FMC Engineering Standards developed for each service, were used for the
selected pipe. See Appendix 4 for the piping materials standards. Leak testing of the
piping components is required. Testing shall be in accordance with ASME/ANSI B31.3,
Section 345.7.

2.5.1.3 Pipe Supports
Appendix 4 contains the standard pipe support designs that were used to properly support
and protect the ancillary piping systems against physical damage and excessive stress.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

2.5.1.4 Insulation
Piping systems which require insulation are identified on the P&IDs. Insulation was
installed in accordance with specification PP-2003. See Appendix 4.

2.6 INSTALLATION INSPECTION

An installation inspection was conducted to insure the sump against weld breaks, punctures,
cracks, damage to protective coatings, corrosion and other structural damage or inadequate
construction. Appendix 7 provides the inspection checklist and sign-off.

3. CONTAINMENT AND DETECTION OF RELEASES (Para. 265.193)
3.1 SECONDARY CONTAINMENT

A stainless steel liner between the concrete sump and the primary stainless steel layer, is
installed to insure that the sump contents do not leak out onto the concrete, provides the
sump secondary containment.

In addition, a lined, curbed containment area surrounding the sump is used to contain any
overflow to prevent contamination and migration into the surrounding soil, ground water or
surface water.

3.2 SUMP PRIMARY LEAK DETECTION SYSTEM

The primary leak detection system for the sump and surrounding containment area is a visual
detection system based upon performing daily inspections of the interstitial space between the
primary and secondary liners. The inspections will be made, with a dip stick, at fixed position
dip tube sampling points located in the liner. Any liquid that leaks from the primary liner,
drains and collects at these sample points.

3.3 PIPING & PUMPS PRIMARY LEAK DETECTION SYSTEM

3.3.1 Ancillary Piping System

All piping located within the sump containment area uses flanges and flanged valves. This
piping is elevated above the ground and is visually inspected for leaks on a daily basis.

The piping located outside of the V-4400 sump System containment area, has welded joints, is
also elevated above the ground, and are visually inspected for leaks on a daily basis.

3.3.2 Auxiliary Pumps System

The Pumps are mounted on the sump lid and are visually inspected daily for leakage.
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4.

GENERAL OPERATING REQUIREMENTS (Para.265.194)

4.1 CONTROL SYSTEM

4.1.1 Sump Controls

4.1.1.1 Feed System Description / Overfill Protection

The majority of the liquid streams flowing into the sump are not continuous. For example,
the Wash Down Water and Slurry Pot Wastewater flows occur mainly when the
equipment is manually washed down by personnel. The sump can collect Precipitator
Slurry during maintenance operations or during furnace upset conditions. The only
continuous process streams into the sump are from the Furnace #4 Medusa Scrubber, and
from the PWC sprays. These continuous streams are equipped with solenoid cutoff
valves, LV-44003 A/B/ & C, which will close if a High-High Liquid Level is reached. The
valves will remain closed until the liquid level returns to normal through operation of the
Pumps.

4.1.1.2 sump Level Control and Pump Control System

The liquid level in the Wastewater Collection sump is controlled by redundant level
transmitters LT-44001 and LT-44003 that are mounted and located in the top of the
sump. The two level transmitters are monitored by the DCS. One transmitter is
designated as the primary, and the other is designated the secondary. The primary and
secondary transmitters are constantly compared to assure that they agree within a distance
of two inches. If they disagree, the operator is automatically alarmed. The operator then
has the option to change control of the level over from the primary to the secondary
transmitter. The decision to change should be based upon a visual verification and
inspection. The system will remain alarmed until the two transmitters are back in
agreement.

Liquid is removed from the sump by the operation of two Pumps, P-4401 and P-4402.
ON/OFF control of the pumps is automatic and controlled through the DCS. The Pumps
are turned on if a High-High Liquid Level is detected by LT-44001 or LT-44003 and will
shut down on Low-Low Liquid Level. If a High Liquid Level is detected by LSH-44002
or if a High-High Liquid Level is detected by LT-44001 or LT-44003, the solenoid
controlled cutoff valves LV-44003 A/B/C will close and shut off fluid flow into the sump.

Upon closing the LV solenoid operated cutoff valves, the DCS then disables the dump
valves mounted at the Medusa Scrubber. This delays the shut down of the Medusa
scrubber if a high level of liquid in the sump is remediated.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
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5 CERTIFICATION OF DESIGN ASSESSMENT (PARA 270.11(D))
Certification for Tank System:  V-4400 (as described herein)

I certify under penalty of law that this document was prepared, and all attachments were
gathered and examined under my direction or supervision in accordance with a system
designed to assure that qualified personnel properly gather and evaluate the information
submitted. Based on my inquiry of the person or persons who manage the system, or those
persons directly responsible for gathering the information, the information submitted is, to the
best of my knowledge and belief, true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations.

Signature: /‘?r é/ Date: f?/j;_/qs

Peter Critikos, P.E.

Title: Sr. Mechanical Engineer
P.E. Registration No.: 9446
Seal:

Raytheon Engineers & Constructors, Inc.
5555 Greenwood Plaza Blvd., Suite 100
Englewood, CO 80111
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APPENDIX 1 WASTE CHARACTERISTICS

MATERIAL SAFETY DATA SHEETS

Phosphorous, Elemental
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5%@ Phosphorus Chemicals Division
Pocatello

Interotfice
1o Route List "~ ome September 19, 1989
cc Supervisor
from W. H. Lee ’ Engineers

Subject

PROPER DESIGNATION FOR PHOSPHORUS ANALYSES

Recently, in the laboratory, ve have received some rather confusing
requests for phosphorus analyses. To help us serve you better, I will
attempt to explain the various designations.

P, is sol%d, liquid, or gaseous vhite elemental phosphorus at temperatures
below 800°C. Therefore, a request for X elemental P, or X total P, means
the same as ¥ P, or X vhite P, and the reported analytical value would be
percent vhite elemental phospgorus. I would suggest using the designation
X P,

P is the chemical symbol for phosphorus. A request for XP would result in
a report of percent total phosphorus calculated as XP. It does not mean
percent vhite phosphorus.

P,0c is the chemical formula for the most abundant product of the chemical
reaction betveen vhite phosphorus and oxygen. Because of convention, the
designation 52295 peans percent total phosphorus calculated as 5—2295' It
does not represeint the percent phosphorus present as 2295'

PO -3 is the ortho-phosphate ion, wvhich is the most common naturally
occurring form of phosphorus. Again, because of convention, a request for
XPO, or X total PO 3vould result in the percent total phosphorus
calculated as ZP0O, ~. Howvever, X0-PO, or X ortho PO, means the percent
phosphorus that is present as the ortho-phosphate ion.

Finally, red P means red elemental phosphorus, a very stable form of
elemental phosphorus used in making matches. Should you request an
analysis of X Red P, ve vill .throv our hands up in the air and say, "Ve

vill guess with you!"
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MATERIAL SAFETY DATA 7723

PHOSPHORUS, ELEMENTAL

EMERGENCY TELEPHCNES:
PLANT: (208) 23¢é-82CC
CHERTREC: (800) 424-53CQ
MEDICAL: (303) 595-9048

FLAMMABILITY
1" O c'IEOlU

NFPA Designation 704

DEGRAEE OF HAZARD

4 = EXTREM HEALT™
3= m(:nE < (BLUE)
2 = MODERATE

1= SLIGHT

O = INSIGNFICANT

PCCATELLO, ID
TRANSPCRTATION
RCCKY MTN SPECIAL

WAZARD

N\ REACTIVI®
) (YELLOw

REVISION:

EFFECTIVE: 13/177285 PRINTED: Q4/29/88

PREPARED FOR USE EBYeeavees

INFORMATION PROVIDED EYa.u:

SYN°~YHS..-..............:
SHIPPING NAME = DPCTeaesaest
IATA.....:
IMCOceove:
FORMULAceosoosvsensccenacaset
CHEMICAL FAMILYecasosscos:

PRECAUTIONARY STATEMENT..:
(PLEASE USE THIS STATEMENT
TO SATISFY TrnE IN=PLANT

LABELING REQUIRENMENTS
OF THE QOSHA MAZARD
COMMUNICATICNS STANDARD
¢9CFR 1510.1200)

2CD

ELTCN HEWITT

IDENTIFICATION == 332X XX T ITITIIITAXIITIIINNRS

FPC CCRPORATICN
2CCO MARKET STFEZT
PRILACELPHIA FA 19103

PRCDUCT INFORMATION === =S ZXZXXXITXTXTTAIIIRIZIZ

4RITE PHOSFHCALS, YELLOW FHCSFHORLS
PHCSPHMCRUS, WMITE CR YELLCw, IN WATER
PRCSPRORUS, WhITE CR YELLCw, IN WATER
PRCSPMORUS, WHITE CR YELLCw, IN wWATER
P4

PRCSPHORLS

PRECAUTIONARY INFORMATION =zzszzzsszsszzssxzzxs

HEALTh:

CONTACT wITH SCLIC OR LIGLID FHOSFHORUS CAUSES

SEVERE SURNS CF SKIN AND EYES.

INFALATION UF SINGLE EXCEEDINGLY RIGH LEVELS OF
VAFCR PRCOLCZS SEVERE LUNG IRRITATION FOLLCWED

8Y 3UILO=LF JF FLLIDS IN LUNG.

CCNTINUGUS LONG TERM INHALATICN (>Ce1 MG/CU. M)
“ILL RESULT IN CHANGES IN ThE JAWEBCNE STRLCTURE
RESULTING IN LCOSENING OF TEETH AND SEVERE PAIN
AND 3SWELLING CF THE JAw.

PHYSICAL:
VAFOR GR LIQUIC WILL IMMEDIATELY IGNITE IN AIR.

VERY REACTIVE wITH OXICIZERS.

PAGE Q1
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MATERIAL S‘FETY DATA 7 72 3 1 ‘ o FLAu:E‘cmuyv
NFPA Designation 704
PHOSPHORUS, ELEMENTAL
DEGREE OF MAZARD
3= e e g
2 3 MODERATE
1 = SLIGHT
EMERGENCY TELEPHCMNES: 0= INSIGNFICANT
PLANT: (208) 23é-82CC PCCATELLO, ID
CHEMTREC: (800) 424=53C00Q0 TRANSFCRTATIOMN
MEDICAL: (303) 595-$048 RCCKY MTN B
MAZARD
REVISION: EFFECTIVE: 10/717/ES PRINTED: C4/2%/88

CAS® AND LOMPONZENTewescest

MELTING POINTeeecacssccaet
BOILING POINT.’..."..M.:
VAPOR PRESSURZeeesseccsascsl
VAPOR DENSITY (AIR = 1)..:
ROOM TEMPERATURE

APPEARANCE AND STATE:
QDOR....-.........'..-...:
SPECIFIC GRAVITY (KW2C =1):
SOLU2ILITY IN H2C X =Y wT:
X VOLATILES EY VCLUMEeaae:
EVAPCRATION RATE

(BUTYL ACETATE = 1).:
PH (As IS).....'.........:
PH (12 SCLUTION)......'..:

FLASH POINT.'Q..I."....Q:
AUTOIGNITION TEMPERATURE.:
FLAMMABLE LIMITS UPPER..:
(AIR) LOaERea:
EXTINGUISHING MEDIAccceecset
SPECIAL FIREFIGHTINGeeeaso:
PROCEOQURES

PCD

INGREDIENTS == 22X 33X 3 X N EEIXEESIXIRATXRTNIIE

MATZRIAL CR CCFMPONENT: ELEMENTAL PHOSPRORLS

WrITE OR YELLCW

PERCENT : 99.9
CAS= s 7723-14=0
HAZARD CLASS : FLAMMAELE
' PYRCPHCRIC

TOXIC

PHYSICAL DATA Z=ZZxXTIITZTZIXXTZITTTIZIITIXITITIIITINR

64.1¢
28Cc
1%F @
bab2
CLUBIC CRYSTALS.,
WAX=LIKE SCLIC
SHARP, PUNGENT
1.82 @ 2CC
0.C003 3 2¢CC
NCT AVAILAGLSE

76.6C

CCLOILESS OR YELLCW TC BLACK

AVAILAELE
AFPLICAZLE
AFPLICASLE

NCT
NCT
NCT

FIRE, EXPLCSION AND REACTIVITY DATA ==szazzzzxx

IGNITES SPCNTAMNEOUSLY IN AIR

8éF (3QC)

NCT XKNCWN

AFFROX. 3PFM BY VCL

WATER, WATER FCG, FOAM, DIRT, SANC

wATER, TAKING CARE NOT TO SCATTER.,
IS EXTINGUISHED ANC PHCSPHORUS KAS
THEN CCVER WITH wWET SAND CR DIRT.

DELUGE wITH
UNTIL FIRE
SCLIDIFIED,

PAGE 02
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MATERIAL SAFETY DATA 7723

PHOSPhORUS, ELEMENTAL

EMERGENCY TELEPHCNES:

FLAMMABILITY
RED)

14 0
NFPA Designation 704

DEGREE OF mAZARD

4 = EXTREME

J = mIGH

2 = MOQERATE
12 SLIGHT

Q = INSIGNFICANT

HMEALT™

Py
(BLUE) SACTIV!

(YELLOw

PLANT: (208) 23&é-32CC PCCATELLO, ID
CHEMTRSC: (80J) 424=53CC TRANSPCRTATION
MEDICAL: (303) 595-5048 RCCKY MTN sPECiAL
HAZARD
REVISION: EFFECTIVE: 10/17/85 PRINTED: 04/25/88 |

DEGREE OF FIRZ ANL saesaa:
EXPLOSION MWAZARD

STABILITY.I....I......I.':
HAZARCOUS POLYMERIZATICN.:
CONDITIONS TC AVCIDeeaaan:
MAJOR CONTAMINANTS TKAT..:
CONTRIBUTE TC INSTASILITY
I“CQPPATIBILITY....'.Il..:

HAZARCOUS DeCOMPCSITICAN .
PRCCUCTS

EYE CCNTACT.......I.....':

SKIN CONTACT...-.......'.:

SKIN AaSORPTION.....I.I..:

INHAL‘TION....'...".‘..':

INGESTION..I..I....l....l:

°CD

FIRE, EXPLCSION AND REACTIVITY DATA =zzs==zzazzax

DANGERCUS wdAZN EXPCSED TO HEAT QR BY CHEMICAL
REACTICN wITH CXICIZERS. IGNITES SPONTANECUSLY
IN AIRe VERY REACTIVE.

STABLE

WILL NCT CCCUSR

AvCID CONTACT wITH AIR, OXIDIZING MATERIALS.
NCNE

AIR, CXIDIZING MATERIALS, ALKALINE HYDROXIDES,
HALOGENS AND NITRATES. '

EMITS HMIGHLY TCXIC FUMES CF PCX. PHOSFHINE, A
FLARMABLE, TOXIC GAS, CAN EE GENERATED wHEN
PRCSPHCRUS CONTACTS OXIDIZING AGENTS OR WHEN THE
PHCSPHORUS WATER CCVER IS ALLCWED TO REACH A Pk
CVER £.5 AT A TEMP. OF 85C. A PHCSPHINE PCLYMER
CAN ALSO EXIST IN PHMOSFHORUS SO PRCSPHINE MAY
ALWAYS BE FPRESENT.

ROUTES OF EXPOSURE ===z IXTTITITIIXIIIIIIXZ

SEVERE OCLLAR CAMAGE MAY RESULT

SCURCE: SAX

DATE 1979

CALSES SEVERE AND PAINFUL EBURNMS

SCURCZ: PATTY DATE: 1981

SCURCE: DANGERCUS PROPEZRTIES CF INDUSTRIAL
MATERIALS = SAX CATE: 197§

MCDZRATELY HAZARDCLS LDSQ (RAT) = 100 MG/KG

SCLRCE: SAX DATE: 1979

TRRESHCLD LIMIT VALUE: AIP Q0.1 MG/CU. M

SCURCE: ACGIHM CATE: 1584

OSHA STANDARD, AIR Twa Q0.1 MG/CU. M

SCLRCE: NICSH DATE: 1530

HIGHLY TOXIC C(LC5C <2FCG/L)
SXTREMELY PFPAZARDCOLS
LCLC (HUMAN) = 1.4 MG/KG

SCLRICE: NTIS CCCUMENT AD 778=725 1574

DATE:




MATERIAL SAFETY DATA 7723

PHOSPHORUS, ELEMENTAL

EMERGENCY TELEPHCMES:
PLANT: (208) 23&£-82CC
CHEMTREC: (8Q0) &24-53CC
MEDICAL: (303) 593-5048

14 0 T

NFPA Designation 704

DEGREE OF mAZARD

. HEALT™
g
2 = MCOERATE

1 2 SLIGHT

0 = INSIGNFICANT

PCCATELLO, ID
TRANSPCRTATION
RCCKY MTN SPECIAL

MAZARD

Fhac

AEACTIVI™Y
(YELLOwW)

—
REVISION:

m

EFFECTIvE: 1C/17/85 PRINTED: Q4/29/82

ACUTE EXPGSURE....ll.....:

CHRONIC EXPOSURE.........:

EYES‘I...'..C"I.....'.":

SKIN......"I..I...I.....:

EFFECTS OF OVEREXPOSURE == S X 3Z X ZXITXITIATXXTIXRXD

SCLID OR LIQUIL CAUSES SEVERE BURNS OF SKIN,

IF INGESTED CALSTS NALSEA, VOFITIANG, JAUNDICE,
LCw 3LO0D FRESSURE, DEFRESSION, DELIRIUM, CCMA,
DEATHe SYMPTCNS AFTER INGESTION CR INKALATION
MAY BZ DELAYED FOR FRCP A FEw HOURS TO 3 DAYS.

A CHARACTERISTIC GARLIC QOQR MAY BE PRESENT ON
HREATH OR VOMITUS.,

A FORM OF GENERALIZED wWEAKNESS, ACCOMPANIED BY
ANEMIA, LCSS CF APPETITE, GASTROINTESTINAL
CCMPLAINTS, CHRCNIC CCLGH AND PALLOR HAS BEEN
REPCRTED TC BE DUE TO SYSTEMIC PHCSPHCRUS
PCISONING. THE MCST CCMMCN FCRM CF CHRONIC
PCISONING ALSC CAUSES CHAMGES IN THE LCNG EBONES.
SERIOUSLY AFFSCTED SONES MAY EECCFE BRITTLE,
LEADING TC SPCANTANEQUS FRACTURES. INDUSTRIALLY.,
NECROSIS CF THE SCNS IS SEEN CNLY IN ThE
JAWBONES. IN SUCK CASES, THE FIRST SYMPTCMS ARE
USLALLY TCCTHACHE ANC EXCESSIVE SALIVATIOM,
FCLLGwED EY THE LCC3ENING CF CNE CR MQRE TEETH
ANC 3SEVERE PAIN ANC SWELLING CF ThE JAw. A
SLPPURATIVE ULCZRATION DEVELOFS IN THE GUMS
ARCUND THE TOCTH CR TCCTH SCCKET WHICH MAY
INVADE THE 3SONE ITSELF. THERE IS A GRADUAL
PRCGRES3ICN OF THWE PRCCESS UNTIL MCST CF

The AFFECTED SCNE IS INVCLVED. IM EXTREME

CASES SEVERE FACIAL DEFORMITY MAY RESULT.

EMERGENCY AND FIRST AID PROCEDURES ==zszzx=zxzx=x

WASH EYES CCPICUSLY WITH WATER AT LEAST 15
MINUTES. EYELIDS SHOLLD EE HELD APART DURING
IRRISATION. KEEP EYES WET WITH wATER LNTIL

AN EYE SPECIALIST IS IM ATTENCANCE.
I¥MEDIATELY FLLSH wITK COFIOQUS WATER. IF
PhCSPRCRUS REMAINS IMEEDDED IN THE SKIN, THE
CCANTAMINATEO AREAS SHCLLD BE SUBMERGED IN
wATER. VI3I3LE PIECES OF PHOSPHORUS SHOULD 22

A=MCVeED.




MATERIAL SAFETY DATA

ZMSRGENCY TELEPHCNES:

€123

‘PHORUS, ELEMENTAL

FLAMMABILITY
(RED)

14 0
NFPA Designation 704

OEGREE OF mAZARD

HEALT™

gl (BLUE)

J = mIGH

2 * MODERATE

1 = SLIGHT

0 = INSIGNFICANT

= REACTIVITY
(YELLOW)

PLANT: (208) 236-82CC PCCATELLO, ID

CHEMTREC: (3800) 424=53CC TRANSFCRTATION

MEDICAL: (303) 595-504& RCCKY MTN soetin
REVISION: EFFECTIVE: 10/17/25 PRINTED: 04/29/88

INHAL‘TION.‘.-Q. ."....‘.‘-

INGESTIONcesvwssesscsssssasnes

’JNTAHINATICN PROCEDLRE:

NOTES TO PHYSICIANcceoeoeel

VENTILATION RZQUIREMENTS.:

RECOMMENDED PERSCNALaceea:

CTECTIVE EQUIFPMENT
RESPIRATORYceeenesl
°2CD

EMERGENCY AND FIRST AID PROCEDURES ==zzszzzzzzsx

REMCVE VICTIM IMMEDIATELY TC FRESh AIR. IF
EREATRING RAS STOFPED, PERFORF ARTIFICIAL
RESPIRATICN. CALL A PFYSICIAN.

CALL A PHYSICIAN IMMEDIATELY. AVCID CCNTACT
FRCM VCMITLS CF OTHER 200Y FLLIDS, SINCE THEY
MAY CCANTAIN PHRCSPHCRUS THAT CAN CAUSZ EURNS OF
EYES AND SKIN. IF THE VICTIM IS CCNSCIOUS
INCUCE VOMITING 8Y GIVING LARGE QUANTITIES OF
wATER TO DRINK AND HAVING THE PERSCN TOUCH
SACK CF THROAT WITH HIS FINGER. CC NCT ATTEMPT
TC MAKE AN UNCCNSCIOUS PERSON VOMIT.

KEEF wETTED GR IMMERSEC IM WATER UNTIL ALL
VISISLE PHCSPHCRUS PICKED OFF AND FLUSKED AWAY,
IMVEDIATE GASTRIC LAVAGE WwITH & LITERS OF
PCTASSIUM FERMANGAMNATE (1:500C OR 2 PERCENT
MYCROGEN PZROXIDE FOLLOwWED 8Y ACTIVATED
ChRARCCAL) SHOLLD 3% PERFORMED. MINERAL

CIL OR PETROLATUM 2Y MCUTHK CR GAVAGE HAS

82N LSED TO FREVENT AESORFTICN ANC HASTEN
ELIMINATICN; A& DOSZ OF 20C=-25C ML INITIALLY
AND FCLLOWED EY 3C ML E€VERY 3 HOURS FCR

4E HOURS IS GIVEN. MAGNESIUM CR SCDIUNM
SLLFATE CATHARTICS MAY 3E INDICATED, IF NC

GI BLZEDING OR DIARRHEA IS PRESENT.

TREATMENT IS SYMOPTCMATIC AND SUPPCRTIVE.,

«ITH ATTENTION TO SHOCK, ACIDCSIS, BLCCD

LCSS, CARCIAC ARRHYTHMIAS, SEIZURES, INITIALLY
AND MEPATIC ANC RENAL FAILURE LATER.

SPECIAL PROTECTION EEIEEEIEESIEENINIFEITIITNZIR

NGTHING SPECIAL ASSUMING FROPER CCNTAINMENT

OF PHACSPHCRUS AT ALL TIMES. LSE SELF CONTAINED
IZATHING AFPARATUS, [F VAPCR IS EXPECTED.

SEE BELOw.

ZAR NIOSh/MSHA APPROVED SELF=-CONTAINED
SEATRING APPARATUS, NEAR BLRMNING FHOSPHORLS.

a
)
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Chemical Safety Data Sheet

PHOSPHORUS

PREFACE

Phosphorus, elemental, is a solid material at ambient temperatures
that ignites spontaneously in air and burns vigorously. It is classified
as a flammable solid by Department of Transportation regulations.

Due to its low melting point, 44.1°C (111°F), bulk quantities are
usually shipped in @ molten form, covered with water, inert gas, or a
combination of both. '

Phosphorus will cause severe burns on contact with the body or
eyes. When burning in air, it emits large volumes of acrid white fumes
which are very irritating when breathed.

The full text of this chemical safety data sheet should be consulted
for details of the hazards of phosphorus and recommendations for

their control.

FIRST AID—SEE PAGE 11

For assistance in the event of any emergency involving this chemical in
transportation, call MCA's Chemical Transportation Emergency Center.

CHEMTREC

(800) 424-9300 * (Use 483-7616 in District of Columbia)
Toll-free, day or night

* Use long di ber if required. -

In CANADA, call Canadian Chemical Producers Association’s TEA
(Transportation Emergency Assistance Plan)
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Chemical Safety Data Sheet
PHOSPHORUS

1. NAME
Chemical Name: Phosphorus
. Common Name: Phosphorus, whitc phosphorus, ycllow phosphorus
Formula: P,

2. PROPERTIES

2.1 GRBRADE AND STRENGTH

Elemental white or yellow

.....99.9% (Amorphous (red) phosphorus is not covered

in this data sheet)

2.2 IMPORTANT PHYSICAL AND CHEMICAL PROPERTIES

Physical ____ .. Waxy solid
Ignition Temperature Spontaneously ignites in air
BoilIng POt il 280.5°C (536.9°F)
GOl O e Colorless to pale yellow to desp straw (in solid form
under watcr it is chalky white)
‘ Corrosivity .None in absence of air (See 5.2 Reactivity Hazards)
. Deliquesence—Hygroscopicity.......cccccommeeecee coe None
Heat of Combustion .5.9 kilocalories per gram
Heat of Fusion wee-eea 9.0 calories per gram
Heat of Vaporization 101 calories per gram
Light Sensitivity. weesemmewnw- Turns red in sunlight
*Melting Point. 44.1°C (111°F)
Odor .. Mildly characteristic (phossy). Fumes from buming
phosphorus are pungent, sharp.
Reactivity weeemmeeeeeeemea DANgerously so in air or with oxidizing agents (See
5.2 Reactivity Hazards)
Specific Gravity
at 20°C (68°F) Water 1.8231
at25°C (77°F) Water ...1.8198
at 50°C (122°F) Water 1737

Solubility in HO veeneneen0.003% at 20°C (68°F)
Specific Heat 0.19at 7°C (44.6°F) to 30°C (86°F)
**Thermal Expansion 3.5% at melting point
Vapor Density ... (Air=1) 442
Viscosity - .....1.694 centipoisc (pure), 0.967 (saturated with water)
at 50°C (122°F) _
. Threshold Limit Value.......ooooo oo ...0.1 mg/m* 1974—ACGIH, American Confercnce of
Governmental Industrial Hygicnists
* Liquid phosphorus must be super cooled to 39.1°C (102°F) 1o solidify completely without leaving a liquid core.
I ** Caution—Phosphorus covered with a thin layer of water can shrink away from the sides of the tank car upon solidification,
‘_ thus draining the water cover from the surface of the phasphorus, leaving it exposed.

5
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Manufacturing Chemists Association

PHOSPHORUS, ELEMENTAL

3. TRAINING AND JOB SAFETY

3.1 EMPLOYE EDUCATION AND
TRAINING

3.1.1 Safc handling of phosphorus depends
largely upon the effectiveness of employc cducation,
proper operating procedurcs, the usc of safe cquip-
ment and diligent supervision.

3.1.2 This data sheet contains pertinent material
that should be included in the employe training ac-
tivity. Additionally the MCA publications of Case
Histories of Accidents in the Chemical Industry pro-
vide details of accidents and injuries involving phos-
phorus that may be useful.

3.1.3 Employes should be instructed in the haz-
ards of this chemical. Specd in stopping the com-
bustion of phosphorus 15 of primary importance.
First-aid treatment should be started at once in all
cases of contact with phosphorus, in any form. or
serious injury may result. Skin exposurc requircs the
immediate immersion of the affccted arca in water
followed by medical attention. Contaminated cloth-

ing should bc removed immediately. preferably while
showcering. Eyc cxposurc rcquires immediate decon-
tamination with plain watcr at an cyc bath for at least
| 5 minutcs, followed by medical attention.

3.1.4 Employcs should shower daily on finishing
work. Food should not be stored or caten near the
placc where phosphorus is handled. Any abnormal
condition of thc jaw or mouth should be reported
immediately.

3.2 SAFETY REVIEW

For continued safc operation it is-important for
supcrvision to exccutc a thorough process review at
regular intervals. For maximum effectiveness. this
review should cover all aspects of the operation and
should include the participation of selected repre-
scntatives of operations, maintenance. technical and
any other rclated activities. The MCA publication,
“Guidelines for Risk Evaluation and Loss Prevention
in Chemical Plants (1970)" may be helpful.

4. HEALTH HAZARDS—MEDICAL MANAGEMENT,
FIRST AID, AND PROTECTIVE EQUIPMENT

4.1 HEALTH HAZARDS

Phosphorus ignites spontancously when exposed
to air and contact with the skin or clothing may
causc severe burns. If combustion takes place in a
confined space. oxygen may be consumed below a
safe breathing level. Modcrate concentrations of the
vapors from burning phosphorus are irritating to the
cyes. nose, throat and lungs.

If phosphorus is taken by mouth, it is absorbed
from the gastrointestinal tract. It can also be ab-
sorbed from the lungs. In the modern utilization of
phosphorus in industry, the principal mode of ex-
posurc is by inhalation. It is possible that the ab-
sorption of the lower oxides might produce cdema of
the lungs.

After the absorption of a sufficient amount of
phosphorus, acute toxic cffects are produced in the
liver and arc accompanicd by vomiting and marked
wcakness. The long continucd absorption of phos-
phorus may rcsult in nccrosis of the mandible or
maxilla (jawbone) and is known as “phossy jaw.”

Phosphinc (PH.) is a highly lammablc toxic foul-

“smclling gas. Tt may bc present in phosphorus as a

polymer or gencrated at low rates at a temperature of
857C (185°F) and with the watcr ata pH of 6.5. As
the pH of the water increases. the ratc of phosphine
gcncration increases. Phosphine. which has a charac-
teristic odor of rotten onions or decaying fish, has a

Threshold Limit Value (TLV) of 0.3 ppm. Phos-
phinc can ignitc spontaneously in air.

4.1.l Warning Properties

Elemental phosphorus has no strong warning
properties (Sec 2. Properties—QOdor).

4.1.2 Acute Toxicity
4.1.2.1 Local Effects

Phosphorus. when in contact with air spon-
tancously ignites and burns freely and will cause
severe local tissuc burns if it contacts the skin. Com-
bustion of phosphorus on the skin results in the
formation of meta- and ortho-phosphoric acid and
small amounts of red phosphorus. Thesc compounds
arc of no importance clinically. as the heat coagula-
tion of the tissucs is the important cffect of phos-
phorus bumns. A firm scab is produced and is sur-
rcunded by blisters.

Phosphorus is especially hazardous to- the
cyes and producus scverc damage.
4.1.2.2 Systemic Effects
4.1.2.2.1 Phosphorus

The absorption of phosphorus when taken
by mouth may be delaycd as much as 2 hours. In a
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few hours after ingestion there is an initial stage of
local gastrointestinal irritation characterized by
nausca, vomiting and scvere abdominal pain. The
vomitus may have a garlic-likc odor and may be
phosphorescent (luminous in the dark.)

After 24 to 36 hours, the symptoms sub-
sidc. After a few hours. or a few days. nausca. vomit-
ing and abdominal pain rcappcar with diarrhca and
abdominal tenderness. The skin becomes jaundiced.:
The toxic state lasts 2 to 15 days, averaging 8 days.
[n fatal cases. most deaths occur within 4 to § days.
The fatal dose is generally about 100 mg, but even

15 mg may producs a severcly toxic reaction.

Absorption of phosphorus through the skin
following severe burns may produce systcmic toxicity.

4.1.2.2.2 Phospine

When low concentrations are inhaled,
phosphine may causc headache. dizziness, tremors.
general fatigue, burning substernal pain, nausea.
vomiting and diarrhea. A productive cough with a
fluorescent-green sputum, acute dyspnea and pul-
monary edema may develop. Death is usually pre-
ceded by tonic convulsions which may occur sud-
denly after the patient has apparently recovered.

Phosphine's characteristic decayed fish odor
is barely detectable at concentrations of 1.5 to 3 ppm.
Serious cffects are produced following cxposurc to
5 to 10 ppm for several hours. Death occurs fol-
lowing Y2 to | hour exposurc to concentrations of
400 to 600 ppm.

4.1.3 Chronic Toxicity

Chronic poisoning occurs from long continued
absorption of phosphorus especially through the
lungs but also through the gastrointestinal tract.

A form of generalized weakness. accompanied
by ancmia. loss of appetite, gastrointestinal com-
plaints, chronic cough and pallor has been reported
to be due to systemic phosphorus poisoning. The
most common form of chronic poisoning also causes
changes in the long bones. Seriously affected bones
may become brittle, leading to spontancous frac-
tures. Industrially, necrosis of the bone is seen only
in the jawbones. In such cases, the first symptoms
are usually toothache and excessive salivation, fol-
lowed by the loosening of one or more tecth and
severe pain and swelling of the jaw. A suppurative
ulceration devclops in the gums around the tooth or
tooth socket which may invade the bone itsclf. There
is a gradual progression of the process until most of
the affected bone is involved. In cxtreme cascs severe
facial deformity may result.

The chronic cffects produced by phosphinc are
csscntially the same as thosc produced by phos-
phorus.

4.2 MEDICAL MANAGEMENT

4.2.1 Physical Examinations

4.2.1.1  Preplacement Physical
FExaminations

Preplacement medical examinations should
be dirccted toward climinating from ¢xposure to
phosphorus those workers with any cvidence of his-
tory of liver discase and those workers with any of
the following dental defects: gingivitis. pyorrhea.
carious tecth. exposed scckets and dental cysts. Ab-
scnce of all natural tecth is no contraindication.

42.1.2 Periodic Examinations

An annual physical examination should be
given to cach employe who is frequently exposed to
phosphorus. He should be instructed to report any
illness he cxperiences. ’

4.2.1.3 Dental Examinations

Periodic dental examinations are particularly
indicated in those who work with phosphorus. The
frequency of these examinations is dependent upon
the type and degree of cxposure. The examination
interval thercfore may vary from once a year to as
frequent as once a month. Undasirable dental con-
ditions should be corrected and the emplove should
not be allowed to work around phosphorus until
the condition has been properly treated. Full mouth
dental x-rays should be made before employment.
This should bec repeated at the discretion of the
dentist.

4.3 FIRST AID

4.3.1 General Principles

Speed in stopping t 1¢ combustion of phosphorus
is of primary importance and. secondly. the removal
of the matcrial from contact with the skin. First-
aid trcatment should be started at once in all cascs of
contact with phosphorus in any form or scrious injury
may result. Refer all injured persons to qualified
personncl even when the injury appeafs to be slight.

4.3.2 Contact with Skin

Immediate application of water to the area will
stop combustion of the phosphorus. This may be
accomplished by plunging the affected parts in water
or by the copious use of running water. Contam-
inated clothing should be removed promptly. If avail-
able, ice water will help relicve pain and help mini-
mize severity of burn. The arca should be irrigated
for at least 30 minutes. [f small particles of phos-
phorus arc adhcrent to the skin. they.can be seen in
a darkened arca as they arc luminous. The small
particics of phosphorus can be removed with tweezers
while the part is immersed in water.
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[t should be borne in mind that following scvere
burns, and particularly in thosc involving a large
arca of the body surface, shock may appear at any
time. Shock should be treated promptly. No oil or
ointment of any kind should bc applicd to burncd
arcas without the sanction of the attending physician.

CAUTION: Tt should be remembered that the
phosphorus stops burning after the application of
water but when the arca dries, duc to the cvaporation
of water, the phosphorus will spontancously ignite
again. Drying may be prevented by covering the area
with a cloth wet with water. The phosphorus must be
removed as soon as possible.

A physician should be called at the carliest pos-
sible moment. »

4.3.3 Contact with Eyes

1f cven minute quantities of phosphorus. either
in solid form or in solution. enter the cyes thcy should
be irrigated immediately and copiously with watcr for
a minimum of 15 minutes. The eyclids should be
keld apart during the irrigation to ensurc contact of
water with all the tissues of the surface of the eves
and lids. A physician. preferably an eve specialist.
should be called in attendance at the first possible
moment. If a physician is not immediatelv available.
the eyc irrigation should be continued until the
scrvices of a physician arc available.

Ophthalmologists may be interested in a method
of treatment for chemical burns of the cve described
by Ralph S. McLaughlin. “Chemical Burns of the
Human Cornea,” American Journal of Ophthalmol-
ogy, 29: 1355, 1946.

43.4 Ingestion

If phosphorus is swallowed. either in a paste or
as “phossy water,” a physician should be called im-
mediatcly. The patient should be made to vomit at
once. If necessary, stick finger down the throat to
cause vomiting. Repeated vomiting should be en-
couraged by giving large quantitics of fluids. The
injurious rcsuits of absorption may not occur for a
matter of hours, therefore. gastric washing should be
carried out whenever a patient is secn. There is no
established antidote. Do not give oily cathartics;
avoid fatty foods, including milk.

NEVER GIVE ANYTHING BY MOUTH OR
ATTEMPT TO CAUSE VOMITING IN AN UN-
CONSCIOUS PATIENT.

4.3.5 Inhalation

Burning phosphorus in a confincd area may
causc a deplction of the oxygen from the air to a
sufficicnt cxtent to causc asphyxiation. The patient
should be removed at once to fresh air and cffective
artificial respiration initiated immuediately if breathing
has ccased. A physician should be called at once.

4.4 PERSONAL PROTECTIVE EQUIPMENT
4.4.1  Availability and Use

Personal protective cquipment cannct be con-
sidercd as a substitute for tght controls in the
handling of phusphorus. The potential risk of con-
tact with phosphorus dictates the need for an ade-
quatc supply of approved personal protective equip-
ment be provided and prescribed usc enforced.

442 Eye Protection

Whenever the danger of contact with phos-
phorus is present, full cyc and face protection should
be worn. This can best be provided by chemical
safcty goggles with impact resistant glass or plastic
lenses and a full length face shicld. A full chemical
hood which completely covers the head. face and
neck may also be considered.

Approved spectaclc-type safety glasses are rec-
ommended as minimum eye protection for other
work areas.

4.43 Respiratory Protection

Entry into bins, hoppers and vessels in phos-
phorus related operations presents a potential ex-
posure to toxic vapors of phosphorus. phosphine,
flouride. carbon monoxide, etc. Unless thorough air
sampling indicates the atmosphere is free of toxic
vapor and that an adequate oxygen level is assured.
maximum rospiratory protection in the form of seif-
contained breathing cquipment or a supplied air
breathing system should be worn.

In other open work areas where minimal res-
piratory protection may be indicated, a chemical
cartridge-type respirator may suffice.

444 Head Protection

Approved safety hats should be wom where
there is an exposure to head injury.

4.4.5 Foot Protection

Leather or rubber safaty shoes with built-in steel
toe caps are recommended for workers in all phos-
phorus related work areas. High .top styles are
prefcrred.

4.4.6 Body, Skin and Hand Protection

Becausc phosphorus ignites in air, contact with
the skin may rcsult in very scrious burns. Where a
potential exposurc to phosphorus exists such as open- -
ing a line, a protcctive suit with hood offers ideal
protection. However, protective coats, trousers, boots
and gloves offcr good body protection. The head and
face should then be protected by safety b, chemical
goggles and face shicld.

Protcctive suits cxposcd to phosphorus should
be washed immediatcly with water to remove phos-
phorus particles.
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5. FIRE HAZARDS,

5.1 FIRE HAZARDS

Phosphorus ignitcs spontancously in air and burns
vigorously. Fircs can be controlled by covering with
watcr. sand. or carth to cxclude the air. Foam cx-
tinguishers may also be used. Avoid the usc of high
pressurc water streams.

5.2 FIRE FIGHTING

Phosphorus ignites spontaneously upon exposure
to air and emits clouds of whitc acrid fumes. Self-
contained breathing equipment is recommended for
fire fighting activities. y

Large spills of phosphorus should be restricted by
damming with sarth or sand A shallow layer of
water on the surface of burning phosphorus will
cffectively extinguish the fire. Water application
should be made as softly as possible. High pressure
streams scatter molten phosphorus with each of the

FIRE FIGHTING

small particles burning violently. Water application
rcgardless of pressurc, should usc fog or spray noz-
zles to provide gentle application. Dry chemical
cxtinguishers arc relatively incffective. Foam extin-
guishcers can be used to bring a spill fire under
control.

A leak from a phosphorus line or tank can often
be controlled by applying a cooling stream of water
at the lcak to chill and solidify the liquid phosphorus.
Solid phosphorus unless covercd with water, sand or
carth to cxclude the air will slowly melt, and ignite.

_Fire hydrants and hose stations should be dis-
tributed so that spill fires may be approached from
an upwind position.

Except in small confined spaces the use of steam
on phosphorus fires should be avoided because it
tends to spread the fire and does not aid in cooling
the phosphorus.

6. INSTABILITY, REACTIVITY HAZARD AND CONTROL

6.1 INSTABILITY HAZARDS—None

6.2 REACTIVITY HAZARDS

When exposed to air, phosphorus ignites spon-
tancously and burns vigorously. Phosphinc, a flam-
mable. toxic gas, can bc gencrated when phosphorus
contacts oxidizing agents or when the phosphorus
water cover is allowed to reach a pH over 6.5 at a
temperature of 85°C (185°F). A phosphine poly-
mer can also exist in phosphorus so phosphine may

always bc present. Phosphine can ignite spon-
tancously.

Hydrogen has also been known to be present above
a phosphorus surface. If the phosphorus water cover
is allowed to drop below 5.5 pH. the steel container
may be attacked chemically and lead to hydrogen
generation.

The phosphorus water cover should be controlled
between a 5.5-6.5 pH range for maximum safety.

7. ENGINEERING CONTROL OF HAZARDS

7.1 BUILDING DESIGN

Since the production of clemental phosphorus in-
volves operations which crecate carbon monoxide,
phosphinc, smoke, dust. molten slag and mctal—
structures. particularly the furnacc plant should be
designed to allow as much natural ventilation as pos-
sible. To obtain more cffective ventilation it may be
necessary to provide a fume removal system.

7.2 EQUIPMENT DESIGN

7.2.1 Since clemental phosphorus ignitcs spon-
tancously upon cxposurc to air, it is csscntial that it
be contained or handled in closed systems and stored
under a watcr cover.

7.2.2 Storage tanks may be constructed of con-
crete or of welded steel without bottom or side
outlets.

7.2.2.1 Abovc grade storage tanks should be
placed in retaining basins, also constructed of con-
crete or of welded steel, without bottom or side
outlets.

7.2.2.2 The basins should be large enough to
retain the full contents of the tanks or tanks with an
allowance for watcr coverage. Basins should be
clcancd periodically of accumulated dirt to retain
their original design capacities.

rctaining basins to permit flooding.
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7.2.2.4 Scaled tanks should be cquipped with
frangible discs orf safety valves and scals set to
relcasc at a predetermined pressure. An ample
safcty factor should be allowed to protect the tank
itsclf. Discharge from these devices should be di-
rected into a retaining basin.

7.2.2.5 Storage tanks should be equipped with
heating coils for either hot water or steam.

7.2.3 To avoid corrosion at the water line, all
pipe lines should bc equipped with non-corrosive
sections at those points where the pipes enter the
liquid.

7.2.3.1 The pipe used to carry phosphorus
being pumped or transferred, should be jacketed with
hot water or steam traced to prevent freezing of the
phosphorus, and should be installed to allow for
expansion and coatraction.

7.2.3.2 Pipe lines for phosphorus should be
sloped to the outlet to allow maximum drainage. A
warm water connection should be made to flush out
the lines after use.

7.2.4 Plug or ball valves (all steel) are preferable
to other types. Flange shiclds are suggested for pro-
tection in case of gasket failure. Where possible, all
connections to valves or tanks should be of the

8. SHIPPING,

8.1 STORAGE

8.1.1 Phosphorus is stored under water. In con-
tact with water certain gaseous compounds are
formed. and minute particles detach themselves from
the main body of the phosphorus which oxidize in
the cover water and slowly acidify it. The tempera-
ture of the cover water is a factor in the acidification.
The process will in time corrode the container above
the phosphorus level. The pH of the cover water
should be periodically checked for acidity. When the
acidity is below pH 5.5, the cover water should
be ncutralized to pH range 5.5-6.5 with lime, am-
monia or soda ash. Tests show that a pH up to 6.5
is a safe limit for alkalinity to avoid the evolution of
phosphine. Dry soda ash should never be dumped
into the water since this could result in the formation
of high pH around the soda ash particles which
greatly increases the cvolution of phosphine. Soda
ash should be dissolved in hot water and the solution
pumpecd into the water and thoroughly mixed.

8.1.2 Storage tanks should be remote from con-

gested arcas. Personncl traffic should be restricted to
cssential workers only.

8.1.3 Mechanical ventilation should be provided
where phosphorus is stored or handled inside
buildings.

LABELING,
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welded flange type. Valves should be hot water
jackected or stcam traced.

7.3 VYENTILATION

Good ventilation is csscatial in all phosphorus
handling opcrations. Building design and cquipment
layout should take full advantage of natural ventila-
tion. However, it may be neccssary to provide
mechanical ventilation at sources of dusts. fumes and
vapors to ensure that a safe atmospherc is being
maintained.

7.3.1 Routine air sampling of the work eaviron-
ment for phosphorus * and other potcntial contam-
inants. such as phosphine, carbon monoxide and sul-
fur dioxide is recommendcd to ensure the adcquacy
and cffectiveness of the ventilation systems and other
engineering controls.

7.4 ELECTRICAL EQUIPMENT

General purpose electrical installations are nor-
mally used in phosphorus production areas.

* A gas chromatic method of detecting 0.004 mg of elemental
phosphorus per cubic meter of air has been developed by
C. D. Bohl and E. F. Kaelble and reported in American Indus- -
trial Hygiene Association Journal. Volume 34, pp. 306-309.
Determination of Elemental Phosphorus in Air by Gas
Chromatography, 1973.

HANDLING

8.2 LABELING AND IDENTIFICATION
8.2.1 DOT Labeling and Identification *

8.2.1.1 Each container shall be marked with
the proper shipping name “Phosphorus, white or
yellow, dry” or “Phosg iorus, white or yellow, in
water” per DOT 173.401(a).

8.2.1.2 Outside shipping containers, except
bulk containers, must bear the “Flammable Solid™
label as described in DOT 173.410.

8.2.1.3 Tank cars and other cars containing
one or morc containers of phosphorus must bear the
DANGEROUS placard per DOT 174.541 (a)(1),
(2). (3) and tank cars previously loaded with phos-
phorus. when shipped filled with water or inert gas.
must bear the “Caution—Residual Phosphorus™
placard per DOT 174.555.

8.2.1.4 Tank motor vehicles, whether loaded
or cmpty., and other motor vehicles transporting
phosphorus. whitc or yellow, dry or wet. in any
quantity of 1000 pounds or more. must be placarded
FLAMMABLE per DOT 177.823 (3) (1), (2), (3)
and (b) (1).

* DOT Regulations should be checked for changes.



PHOSPHORUS, ELEMENTAL Manufacturing Chemists Association Manual Sheet SD-16

8.2.2 Precautionary Laheling text is designed for the product as shipped for indus-

. trial usc. It should be used in addition to or i
The Manufacturing Chemists A fati rec- R Gam il - 0 or in com-
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ommends that all containers of phosphorus, white or Since individual statutes. regulations or ordinances
ycllow, in water should bear a label as shown. The may rcquire that particular information be included

PHOSPHORUS
White or Yellow

(For Shipment Under Water)

DANGER! EXTREMELY FLAMMABLE
CATCHES FIRE IF EXPOSED TO AIR
CAUSES SEVERE BURNS
MAY BE FATAL IF SWALLOWED OR INHALED

Contents packed under water and will ignite if water is removed.
Do not get in eyes, on skin, on clothing.

Do not breathe vapor.

Wear heavy protective gloves, goggles, and face shield.

Keep container closed.

Use only with adequate ventilation.

Wash thoroughly after handling.

POISON
Call a Physician

FIRST AID:

In Case of Contact, immediately flush skin or eyes with plenty of water
for at least 15 minutes while removing contaminated clothing and.
shoes. Keep skin area wet until medical attention is obtained. Wash
clothing before reuse.

If Swallowed, induce vomiting by sticking finger down throat or by
giving soapy water to drink. Repeat until vomit fluid is clear. Never
give anything by mouth to an unconscious person.

If Inhaled, remove to fresh air. If not breathing give artificial respira-
tion, preferably mouth-to-mouth. If breathing is difficult, give oxygen.

In Case of: Fire, Spill, or Leak—Cover with water, sand, or earth.

11
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in a label, that certain information be displaycd in
a particular manncr, or that a specific label be alfixed
to a container. the usc of this label will not neces-
sarily ensure compliance with such laws. Such laws
include the Federal Hazardous Substances Act; Fed-
cral Insccticide. Fungicide and Rodenticide Act; and
similar statc and municipal legislation.

8.3 NON-BULK CONTAINERS

Phosphorus. white or yellow, is classificd by the
DOT as a Flammable Solid. As such it must be
packed in DOT specification containcrs when
shipped by rail. water, or highway and all DOT
rcgulations governing loading, handling and labeling
must be followed. ’

8.3.1 Type and Size

Authorized containers for phosphorus. white or
vellow, are indicated in DOT 173.190. Special refer-
ence is made to shipments by rail express. The usual
containers used for this commodity are as follows:

8.3.1.1 Phosphorus, whitc or yellow, wet
(shipped under water).

8.3.1.1.1 DOT Spec. 15A or |5B. Wooden
boxes with inside containers which must be her-
metically scaled (soldcred) mctal cans, cnclosed in
other hermetically scaled (soldercd) mctal cans: or
hermetically scaled (soldered) mctal cans containing
not over | pound cach, cnclosed in other watertight
mctal cans with screw-top closures: or hermectically
scaled (soldered) metal cans encloscd in hermetically
scaled (soldered) metal boxlining, DOT Spec. 2F.

8.3.1.1.2 DOT Spcc. SA. GA, or 6B. Metal
barrels or drums, not over 30 gallons capacity each.

8.3.2 When phosphorus is shipped or received in
drums. care should be taken to sce that all fittings are
tight.

8.3.3 The plug in the bung opening should be
loosened to prevent rupture of the drum before the
matcrial is heated to the proper tcmperature, i.c..
above 44°C (111°F) and below 55°C (131°F).
preferably to about 52°C (126°F) before applying
water to displace the material.

8.4 BULK TRANSPORT

8.4.1 General

8.4.1.1 Loading and unloading opcrations
should bc conducted by fully traincd, rcliable em-
ployes under diligent supcervision.

8.4.1.2 Loading and unloading stations should
be cquipped with cmergency showers or tubs of
water for cmergency immersion of personncl who
have come in contact with phosphorus.
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8.4.1.3 Sce that the car or truck is spotted
accurately and that the track or road is level. Profer-
ably. loading and unloading opcrations should be
conducted in limited personnel access arcus and
posted “Authorized Personnel Only.”

8.4.1.4 Thc hund-brake should be set and
standard chocks or rail clamps should be installed to
block the wheels at the time of loading or unleading.

8.4.1.5 Shipper's instructions for unloading
should always bc followed and all precautionary
markings on both sides of tank or dome should be
rcad and obscrved.

8.4.1.6 Pcrsonnc! engaged in connccting. load-
ing or unloading lines or sampling should wear pro-
tective clothing (See 4.4 Personal Protective Equip-
ment).

8.4.1.7 In the cvent of a leak in the tank car
cr tank truck or the fittings that cannct be stopped by
following the instructions from the supplier (which
may include a suggestion to play a stream of low
pressure cold water on the leak point and through
the cxternal coils to frceze the phosphorus) or by
simple adjustment or tightening. immediately contact
the shipper or MCA CHEMTREC—800-424-9300
for further instructions.

8.4.1.8 Damage Enroute. In case a tank car
or tank truck becomes damaged cenroute so that it
cannot proc=ed safely to its destination, cvery effort
should be made to park it where it will not endanger
necple. tratfic. or property. The police and fire
department should be notified and public warned to
stay away. [f a leak or spill is involved. follow
MCA Chem-Card precautions as available or contact
shipper or MCA CHEMTREC—800-424-9300 for
safc disposal instructions.

8.4.2 Tank Trucks

DOT Spec. MC 310. MC 311, or MC 312.
Tark meter vehicles, without bottom outlet and with
insulaticn at Icast 4 inches in thickness. cxcept that
2 inches of insulation is authorized for tanks
cquioped with an cxterior heating jacket. Interior
heating cnils arc not authorized. The. material must
be immersed in water or be blanketed with an inert
~as iand be lcaded at a temperature not cxceeding
60°C (140°F). After unloading. the tank must be
filled to its entirc capacity with an incrt gas or to its
cntirc capacity with water having a temperature not
cxceeding 60°C (140°F) or a combination of water
and incrt gas.

Trucks should have thcir wheels chocked and
jack stands arc rccommended for trailer support if
tractor is removed.

8.4.3 Tank Cars

8.4.3.1 Decrils should bc placed on the un-
loading track approximatcly onc car length from the
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car being unloaded. unless the car is protected by a
closed and locked switch or gate.

8.4.3.2 Mectal “CAUTION" signs should be
fastencd to the track. Signs should be 12”x15",
painted light bluc. Usc the legent “STOP—TANK
CAR CONNECTED,” with the letters in “STOP™
four inches high. Signs are available from safety
equipment dealers.

8.4.3.3 DOT Spec. 103, 103W, 111A60-F-I,
111A60-W-1, 111A100-W-1, 111A100-W-3. Tank
cars without bottom outlet for discharge of lading
and with approved dome fittings, external heater sys-
tems. and with insulation at least 3 inches in thick-
ness. exccpt that thickness of insulation may be
reduced to 2 inches over external hcater coils.
Bottom wash-out nozzle of approved design may be
applied. Approved clean-out nozzles may be applied
to top of tanks to aid in cleaning. These are usually
10 inch I.D. nozzles closed with a bolted blind flange.
The material must be immersed in water or be
blanketed with an inert gas and be loaded at a
temperaturc not excecding 60°C (140°F). In cars
DOT Spec. 103 and 103-W, the water must be
loaded in the dome to not more than 50 per-
cent of the capacity of the dome. In cars DOT
Spec. 111A60-F-1. 111A60-W-1, 111A100-W-1,
111A100-W-3 which are without domes. the outage
is in the tank shell. Cars without domes must not
be loaded to more than 98 percent of shell capacity
with phosphorus. The water cover should be ad-
justed to 99 percent of the shell capacity. Inert gas
of appropriate pressure or a combination of gas and
water may be used. After unloading, the tank must

be filled to its cntire cupacity with un incrt gas or
its cntirc capacity with watcr at a temperature not
cxcceding 60°C (140°F). If unlouding dJdomcless
cars fill with water to 99 percent of the shell capacity
or an appropriate amount of inert gas or a combina-
tion of both. Thec unloaded car must be placarded
with a caution placard described in DOT sect. 174.555
before being offered for rcturn mosement.  Ses
DOT Hazardous Matcrial Tariff Section 17+.562-66,
Scction 174.584(F), and 197.202-5 for plucarding,
billing. and special requircments in addition to Sec-
tion 173.190.

8.5 SHIPPING

8.5.1 Phosphorus. white or yellow, wet (under
water) shipped by rail express must be shipped in
DOT Spec. 15A or |SB wooden boxes with inside
containers which must be hermetically sealed
(soldered) metal cans, containing not over | pound
cach. enclosed in other water-tight metal cans with
screw-top closures, or with soldered closures. This
method is also authorized for rail. highway. and
watcr shipments. '

8.5.2 Phosphorus. white or vellow, dry must be
cast solid and shipped in DOT Spec. 6A. 6B. 6C
metal barrels or drums not over 30 gallons capacity
each.

8.5.3 Phosphorus. white or yellow, dry must not
be shipped by rail express.
8.5.4 Unloading areas should be well supplied

with tubs of water or cmergency showers and eye
baths which are casily accessible and plainly marked.

9. WASTE DISPOSAL GUIDELINES AND SPILL CONTROL

9.1 Discarding phosphorus, and materials con-
taminated with it, is not generally permissible. Con-
tact with the supplier or a waste disposal company
is suggested.

10. TANK AND EQUIPMENT

10.1 PREPARATION FOR THE JOB

The hazardous nature of tank inspection, cleaning,
or rcpairs requires that the forcman and crew be
selccted, trained, and drilled carcfully. They should
be fully familiar with thc hazards, and the safe-
guards nccessary for the safe performance of the
work.

10.2 PREPARATION OF THE TANK OR
EQUIPMENT

Cleaning or making rcpairs inside a tank may be
hazardous cven though the tank containcd a non-
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9.2 “Phossy water” mu.t meet effluent standards
before allowing it to flow out of the plant.

9.3 Solid or pasty residues may be burned subject
to air emission standards.

CLEANING AND REPAIRS

toxic. non-flammable material or even after the tank
has been cleaned of toxic or lammable material.

10.2.1 Flush tank with hot water one or more
times as nceded. Water temperature should be at
lcast 60°C (140°F) for flushing; however some
phosphorus handlers use water temperatures as high
as 90°C (194°F). Rcmove the phosphorus water
but lcave cnough to barcly cover the residue in the
tank. Then add four to six inches of the coldest
water available, in order to chill any remaining phos-
phorus or solid residuc in the bottom of the tank.
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10.2.2 Run water into the cooling coils of the
tank twelve to sixteen hours before the tank is cn-
tered. The cooling water should be lcft on during
the entire cleaning operation.

10.2.3 Whercver possible. tanks or vessels should
be clecaned from the outside, through clean-out
openings.

10.2.4 Pipe lines into or out of the tank or other
apparatus should be disconnected, preferably by re-
moving a complete small section. and providing a
blank flange on the open end to protect against
human error and unsuspected lcaks. Valves. cocks,
and blank flanges in the pipe line should not be
relied upon.

10.2.5 Danger signs should be placed suitably to
indicate when workmen are in the tank or other

Ipparatus.
10.2.6 The portable electric lights and power

tools should be in good condition and grounded. Low
voltage lights are recommended.

10.3 TANK ENTRY

10.3.1 Be sure the tank can be left by the
original entrance.

10.3.2 Lock clectrical switches in the off posi-
tion, remove drive belts, and othcrwisc completely
safeguard against accidentally starting the agitating
cquipment or othcr moving parts located inside or
adjacent to the tank entrance.

10.3.3 Beforc entering a tank and during the
course of the work. tests should be made by a quali-
fied person to determine that no further washing is
necessary, that no oxygen deficiency exists and that
no harmful gases arc present.

10.3.4 The person entering the tank must wear
self-contained or supplied air breathing equipment at
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all times while in the tank, -together with rescue
harness life linc and wearing proper personal pro-
tective cquipment.

10.3.5 -Onc person in the tank at a time usually
makes better progress than several. This is also con-
sidered safer, as it minimizes fouling of the air hose
and life linc with the piping or other equipment in
the tank. The men should work in relays.

10.4 EMERGENCY RESCLE

10.4.1 Another person provided with the same
equipment should be on guard at all times that
worker(s) are in the tank. He should keep the man
or men in the tank under constant observation. At
lcast two men should be available to aid in rescue if
it becomes necessary.

10.4.2 A water hose with a control valve at the
outlet should be in a ready position to protsct the
man in the tank.

10.5 CLEANING AND REPAIRS TO
TANK AND EQUIPMENT

10.5.1 When first entering the tank it will be
noted that some burning has cccurred on the walls
leaving deposits of acid. The acid should be washed
down into the water to prevent injury to the worker
and damage to the equipment. s

10.5.2 When the tank is cooled. all solids above
the frozen phosphorus should be removed by means
of a bucket. Then the solid phosphorus under the
water in the bottom of the tank may be chipped
and broken up with a chisel-pointed bar. The small
pieces of phosphorus should be placed under water
in a bucket to prevent burning and the generation of

vapor.

10.5.3 Extreme care should be taken in remov-
ing buckets not to spill any material on the person
in the tank.
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

APPENDIX 2 WASTE WATER COLLECTION SUMP LINER

SUMP LINER CALCULATIONS
Calculation 15-3: Primary Containment Liner for Furnace No. 4, Rev 0
Calculation 15-7: Sump V-4400 and Containment Area Volumes, Rev 0

SUMP LINER DESIGN DRAWINGS

300664 — Standard Details Drip Pans, Rev 2

300665 - Standard Details Double Wall Containment, Sht I, Rev 0

300666 — Standard Details Double Wall Containment, Sht 2, Rev |

300667 — Standard Details Double Wall Containment, Sht 3, Rev 4

300668 — Standard Details Double Wall Containment, Sht 4, Rev |

300684 — Furnace #4 Wastewater Collection Sump V-4400 Containment Plan, Rev 0
300685 — Furnace #4 Wastewater Collection Sump V-4400 Containment Sections, Rev 0
300686 — Fnc #4 Wastewater Collection Sump V-4400 Containment Details, Sht 1, Rev 0
300697 — Fnc #4 Wastewater Collection Sump V-4400 Containment Details, Sht 2, Rev 0

SUMP MATERIAL OF CONSTRUCTION
Record of Telephone Conversation: RAT-022, 8-19-99
Basis for Material of Construction for the Wastewater Sumps

PHOSPHOROUS CHEMICAL DIVISION A-3 Aug-99
FMC CORPORATION
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#++++ SUMMATION OF TOTAL FORCES AND MOMENTS IN GLOBAL COORDINATES ***++ PG. 6/29

FX = 0.4171301E-10
FY = -21804.38 OEAO Lvo
FZ = -0.3518068E-09

MX = 4527902.

y = -0.2751193E-01
‘- -2716130.

SUMMATION POINT= 0.0000 0.0000 0.0000



#+#++ SUMMATION OF TOTAL FORCES AND MOMENTS IN GLOBAL COORDINATES ***++
FX = -0.1170572E-07 Pe. 9/ 29
FY = -21804.38
FZ = -0.5144742E-08 OL + TemP #/
MK = 4527903
y = -10.63853
‘= ~2716130.
SUMMATION POINT= 0.0000 0.0000 0.0000




FHC Pocat=llo - Analysis Of Primary Containment For Furnace No. 4

F/:' ':;/
ANSYS 5.5.15P
MAR 11 19893
0D7:56:24
NODAL SOLUTION
STEP=2
SUB =993599
TIME=2
SEQV [AVG)

N
9

DNX =.922125
SHN =258.012

SHX =31687
SHXB=41034
258.012

= 3750

E= 7242

| 10734
£ 14227
- 17719
21211
i 24703
28195
= 31687




FHC Pocatello - Analysis Of Primary Contalinment For Furnace No. 4

ANSYS 5.5.15P

HAR 11 1993

07:56:53

NODAL SOLUTICON

STEP=2

SU8 =993999

TINE=2

157

TOP

R3Y3=0

DHX =.922123

SEPC=22.396

=-,011608

=,425231
-.011608
.044707
.101023
.157338
.213654
.269969
.326285
.3826
.4389156
.495231

W
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n
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N
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FMC Pocatello - Analysis Of Primary Containment For Furnace No. 4

Fo. 12/ 29
ANSYS 5.5.15P
NAR 11 1993
07:57:40
NODAL SOLUTION
STEP=2
SUB =993993

DHX =.922123

SEPC=22.396

SMN =-,747024
SHY =.035604

-.747024
-.659354
-.572884
-.485815
-.398745
-.311675
-.224606
-.137536
-.050456
.036604



FMC Pocatello - Analysis Of Primary Containment For Furnace No. 4

Fe. 13/ 29
ANSYS 5.5.1SP
HAR 11 1993
08:01:22
NODAL SOLUTION
STEP=2
SUB =999993
TINE=2
SEQV [AVG)
BOTTOM
DHX =.940035
SMN =894.0993
SHX =38520
SMXB=39351
84.898
4355
8626
12897
17167
21438
25708
293979
34249
38520

Ll




MX

FMC Pocat=llo - Analysis Of Primary Containment For Furnace No. 4

MN

. 18] 29
ANSYS 5.5.18P
MAR 11 19993

035:04:20

NODAL SOLUTION
STEP=2

SUB =993993
TINE=2

SEQV [AVG)
TOP

DHX =.540035
SMN =53.059

SHX =38384

BECDENREE
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2. )
I/Q- :>/

ANSYS 5.5.13P
MAR 11 1998
038:04:38
NODAL SOLUTION
STEP=2

SUB =999999
TIME=2

Ux

TOP

R3Y5=0

DHMX =.940033
SEPC=9.308
SHN =-,201654
SHNX =.487808
-.201654
-.125056
-.04B8448
.02816
.104768
.181376
.257984
.334592
-4112
.487808

CIEmE ] ]

s

(20

"/




F6. 1o/ 29

1 | ANSYS 5.5.1SP
MAR 11 1993
08:04:56
NODAL SOLUTION
STEP=2
SUB =993999
TIME=2
Uy
TOP
R3Y5=0
DHX =.94003S5
SEPC=9,308
SMN =-.098691
SHX =.31916
-.093691
| Bl _ s
| 2% -.005836
X £l .040532
| .08702
& .133448
5
.179876
Ed .226304
72
.272732
B 50
==
FMC Pocatello - Analysis Of Primary Containment For Furnace No. 4
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ANSYS 5.5.15F
MAR 11 1993
08:05:08

NODAL SOLUTICN
STEP=2

SUB =999993
TIME=2

DHX =.340035
SEPC=9.308
SMN =-.,791235
SHX =.012977
-.791235
= -.701878
&3 -.612521
= -.523164
-.433807
& -.344451
-.255094
E -.165737
-.07638
=3 .012977
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FMC Pocatzllo - Analysis Of Primary Containment For Furnace No. 4

ANSYS 5.5.1SP
MAR 22 1993
12:43:39
NODAL SOLUTION
STEP=2

SUB =999999
TIME=2

SEQV [AVG)
BOTTOHM

DHX =.708459
SHN =80.368
SHX =28558

22230
25394
28558

RELDEREEE




FMC Pocatello - Analysis Of Primary Containment For Furnace No. 4

ANSYS 5.5.1SP
MAR 22 1993
12:44:23

WNODAL SOLUTICN
STEP=2

SUB =999999

BOTTOM
RSY5=0
DHX =.708459

SMN =-.075629
SHX =.526606
-.075629
-.008714
.058201
.125116
.192031
.258946
.325861
.392776
.459691
.525606
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Pe. 2.1 /22

ANSYS S5.5.15P
HMAR 22 19993
12:44:37
NODAL SOLUTION
STEP=2

SUB =999999
TIME=2

Uy

BOTTON

R3Y5=0

DHX =.708459
SEPC=29.028
SMN =-.074572
SHX =.348555
-.074572
-.027558
.0194556
.06647
.113485
.160438
.207513
.254528
.301542
.3485556

CIERGE
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3

Pe. /29

ANSYS 5.5.15P
MAR 22 1999
12:55:03

NODAL SOLUTION
STEP=2

SUB =993999
TIME=2

SHX =.05252

-.345051
-.300876
-.256702
-.212527
.168353
-.124178
-.080003
-.035829
.008346
.05252

BEUDENEEE




FHC Pocatello - Analysis Of Primary Containmwent For Furnace No. 4

VG L5f
ANSYS 5.5.1SP
MAR 22 1893
12:32:39
NODAL SOLUTICN
STEP=2
SUB =999999
TIME=2
SEQV {AVG)
TOP
DHX =.708458
SMN =132.359
SHX =49844
SHXB=73287
132.359
5656
11179
16703
22227
27750
33274
38797
44321
49344

LR [ ] ]



FMC Pocatello - Analysis Of Primary Containment For Furnace No. 4

rG. 24/ 29
ANSYS 5.5.1SP
HAR 22 1983
12:34:57
NODAL SOLUTICON
STEP=2
SUB =9999399
TIME=2
SEQV [AVG)

DHX =.708459
SHN =132.359
SHX =49844
SMXB=73287
132.359
5656
11179
16703
22227
27750
33274
38797
44321
49844

ClimEl [ ]




FMC Pocat=llo - Analysis Of Primary Containment For Furnace No. 2

/i/C’ - Z:\:// ;T
ANSYS 5.5.1SP
MAR 22 1999
12:38:25
NODAL SOLUTION

STEP=2

SUB =993999
TIME=2

SEQV [AVG)
TOP

DHX =.8637525
SN =151.561
SHX =36371
SHXB=36382
151.561
4176
8200
12225
16249
20274
24298
28322
32347
36371

REUEENEEE
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L -, /n
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ANSYS 5.5.15P
MAR 22 1988
12:38:41
NODAL SOLUTION
STEP=2
SUB =993993
TIME=2

DHX =.697526
SEPC=7.629
SMN =-.10071
SHX =.506698
-.10071
-.03322
.03427
.10176
.169249
.236739
.304229
.371719
-439209
.506698

HIBE [ ]



FHC Pocatello - Analysis Of Primary Contaimment For Furnace No. 4

Fe.17/2%
ANSYS 5.5.15P
HAR 22 1999
12:38:58
NODAL SOLUTION
STEP=2
SUB =999995
TIME=2

R3Y5=0

DHX =.697526
SEPC=7.629
SMN =-.037673
SHX =.357163
-.037673
.006198
.050069
.0393939
.13781
.181631
.225551
.269422
.313293
.357163

IR ] ]
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FMC Pocatello - Analysis Of Primary Containwent For Furnace No. 4

FFc. /2
ANSYS 5.5.1SP
HAR 22 1999
12:39:13
NODAL SOLUTICN
STEP=2

SUB =999999
TINE=2

Uz

TOP

RSYS=0

DHX =.697526
SEPC=7.629
SHN =-.579298
SHX =.009589
.579298
.5138656
. 448434
.383002
.317571
.252139
. 186707
.121275
-.055843
.009589
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FHC Pocatello — Analysis Of Primary Containment For Furnace No. 4

13:40:33
NODAL SOLUTION
STEP=2

SUB =9933899
TIME=2

SEQV {AVG)
TOP

DHX =.477572
SMN =920.293
SHX =98346
SNXB=147152
920.293
11745
22570
33385
34221
55046
65871
76696
87521
98348

RE0CENEEE
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FMC - RAYTHEON ALLIANCE

RECORD OF TELEPHONE CONVERSATION

DATE: 8-10-99

TIME: 2:00 pm

PAGE 1 OF 1
TELECON NO. RAT -020

FROM: K Snow-McGregor

TO: Steve Wolf

COMPANY: Raytheon

OMPANY: FMC

PHONE: 2245

PHONE: (208)236-8318

FMC ALLIANCE PROJECT NO.:

96096.088

SUBJECT: Containment Requirement for Waste Water Sumps

TOPICS OF CONVERSATION:

Steve Wolf informed me that the waste water sump containment requirement be defined as

a precipitator bottom drop volume. Plant experience has been that a precipitator bottom drop

volume typically is 3000 gallons. Steve said that 4000 gallons should be used as the containment

volume required for this event on the waste water sumps, with the additional 1000 gallons as a

safety factor.
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FMC - RAYTHEON ALLIANCE
RECORD OF TELEPHONE CONVERSATION

DATE: 8-19-99
TIME: 3.00 pm
PAGE 1 OF 1
TELECON NO. RAT -022

FROM: P Critikos TO: Steve Wolf

COMPANY: Raytheon COMPANY: FMC

PHONE: 2245 PHONE: (208)236-8318

FMC ALLIANCE PROJECT NO.: 96096.088

SUBJECT: Basis for Material of Construction for the Waste Water Sumps, V-1400 through

V4400, SE Sump and V-3800 Tank

TOPICS OF CONVERSATION:

Steve Wolf, of FMC, informed Raytheon that the material of construction for each of the sumps
and tanks on the POG project are based on using the design requirements for piping material as
specified in the latest FMC Engineering Piping Standards ES-2-0.0 through ES-2-95. The
material of construction is selected upon the worst case characteristics of the streams entering and
contained in the tank or sump. For all the sumps, the Medusa Scrubber Liquor is considered the
worst case stream. FMC’s experience identifies the stream as acidic by nature and past carbon
steel containers have been prone to corrosion at the wet/dry interfaces. As such, the latest FMC
standards, ES-2-2-0 and ES-2-10-0, require T3126L stainless steel to be used for the pipe
material to resist corrosion and sustain longevity. Therefore, the sump lining is made of the same
compatible material. For V-3800, the Anderson Scrubber Liquor has the worst case charactgristic
also requiring the use of T316L stainless steel per FMC piping standard ES-2-2-0 for similar

corrosion resistance and system longevity reasons as the sumps.
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DESIGN ASSESSMENT AND CERTIFICATION
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CONCRETE SPECIFICATIONS AND STANDARDS

ACI 318-95 - Building code requirements for structural concrete (Copy not included)
ACI-318R-95 - Commentary (Copy not included)

B05.00T - Specification for Concrete Construction, Rev 2

CONCRETE FOUNDATION DRAWINGS
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300649 — Furnace #4 Concrete Drainage Containment Section & Details, Rev 0

SUMP FOUNDATION ASSESSMENT
Calculation 13-088-18, POG Furn # 4 Wastewater Sump Fdn — V-4400, Rev 0

DAMES & MOORE. GEOTECHNICAL INVESTIGATION
Geotechnical Investigation N2 and Hollow Electrode Plants, November 3, 1994
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B SCOPE

1.1,

1.2.

The Subcontractor shall supply all materials, equipment, labor, tools and facilities
to construct the concrete work in accordance with the scope of the Contract and
the contract Drawings. This part of the specification covers the technical
requirements for the concrete materials and mix design, forming materials,
reinforcing, embedded items, and curing materials as well as the technical
requirements for mixing, transporting, forming, placement, curing and finishing of
concrete and the technical requirements for the installation of reinforcing steel and
embedded items.

The Subcontractor shall be responsible for making all arrangements for and
furnishing, his own concrete, and shall be responsible for the concrete meeting the
necessary requirements, including but not limited to: strength; durability;
water-cement ratio; workability; pumpability (where required); cement type and
quality; aggregate size, gradation and quality; slump; admixtures; and entrained air
content.

2- ENVIRONMENTAL CONDITIONS

2.1.

2.2,
2.3

2.4.

The site of the work is located in Pocatello, Idaho. It is considered to be a Uniform
Building Code Seismic Zone 3.

The nominal elevation of the plant site is 4,480 feet above mean sea level.

The Design Wind Pressures shall be based upon a 70 miles per hour Basic Wind
Speed, Exposure C, and an Occupancy Category per the project in accordance
with the Uniform Building Code.

The maximum temperature extremes for design purposes are from -17°F to 94°F.

3. REFERENCES AND STANDARDS

31

The issue in effect on Mey-2+-+88FJanuary 27, 1999 (unless indicated otherwise) |
of the following codes, specifications, standards and publications, with applicable
supplements and revisions thereto, form a part of this Specification by reference

as if published in full content.

3.1.1. American Society for Testing Materials (ASTM)

A 36 Specification for Structural Steel.
A 82 Specification for Steel Wire, Plain, for Concrete Reinforcement.

A 108 Specification for Steel Bars, Carbon, Cold-Finished, Standard
Quality.

A123 Specification for Zinc (Hot-Galvanized) Coatings on Iron and
Steel Products.

A 153  Specification for Zinc Coating (Hot-Dip) on lron and Steel
Hardware.
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A 185  Specification for Steel Welded Wire Fabric, Plain, for Concrete
Reinforcement.

A 307  Carbon Steel Externally Threaded Standard Fasteners.

A 525  Specification for General Requirements for Steel Sheet, Zinc-
Coated (Galvanized) by the Hot-Dip Process.

A 563  Specification for Carbon and Alloy Steel Nuts.

A 615  Specification for Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement.

A706  Specification for Low-Alloy Steel Deformed Bars for Concrete
Reinforcement.

AT75 Specification for Epoxy-Coated Reinforcing Steel Bars.

C 31 Making and Curing Concrete Test Specimens in the Field.

Cc33 Specifications for Concrete Aggregates.

C39 Test Method for Compressive Strength of Cylindrical Concrete
Specimens.

Cc42 Method of Obtaining and Testing Drilled Cores and Sawed
Beams of Concrete.

co4 Specification for Ready-Mixed Concrete

C138 Method of Test for Unit Weight, Yield and Air Content
(Gravimetric) of Concrete.

C143  Method of Test for Slump of Portland Cement Concrete.

C 150  Specification for Portland Cement.

C 171  Sheet Materials for Curing Concrete.

C 172  Method of Sampling Freshly Mixed Concrete.

C192  Method of Making and Curing Concrete Test Specimens in the
Laboratory.

C231 Method of Test for Air Content of Freshly Mixed Concrete by
the Pressure Method.

C260  Specification for Air-Entraining Admixtures for Concrete.

C309 Liquid Membrane-Forming Compounds for Curing Concrete.
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C 309 Liquid Membrane-Forming Compounds for Curing Concrete.
C311 Test Methods for Sampling and Testing Fly Ash or Natural
Pozzolans for Use as a Mineral Admixture in Portland
Cement Concrete.
C 494 Specification for Chemical Admixtures for Concrete.
cels Specification for Fly Ash and Raw or Calcined Natural
Pozzolan for Use as a Mineral Admixture in Portland
Cement Concrete.
C 685 Specification for Concrete Made by Volumetric Batching
and Continuous Mixing.
C 920 Specification for Bastomeric Joint Sealants.
C 1017 Specification for Chemical Admixtures for Use in Producing
Flowing Concrete.
D 1190 Concrete Joint Sealer, Hot-Poured Bastic Type
D 1751 Preformed Expansion Joint Fillers for Concrete Paving and
Structural Construction (Non-extruding and Resilient
Bituminous Types).
D 1752 Preformed Sponge Rubber and Cork Expansion Joint Fillers
for Concrete Paving and Structural Construction.
F 436  Specification for Hardened Steel Washers.
F1554 Specification for Anchor Bolts, Steel, 36, 40 and 105-ksi
yield strength.
3.1.2. American Concrete Institute (ACI)
117 Tolerances for Concrete Construction and Materials
301 Specifications for Structural Concrete for Buildings
305 Specification for Hot-Weather Concreting
306 Specification for Cold-Weather Concreting
315 Manual of Standard Practice for Detailing Reinforced
Concrete Structures
318 Building Code Requirements for Structural Concrete
347 Concrete Formw ork
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3.2.

3.1.3. American Institute of Steel Construction (AISC)

Specification for Structural Steel Buildings.
Code of Standard Practice for Steel Buildings and Bridges.

3.1.4. Concrete Reinforcing Steel Institute (CRSI)
Manual of Standard Practice for Reinforced Concrete Construction
3.1.5. American Welding Society (AWS)

D1.4 Structural Welding Code - Reinforcing Steel
D1.1 Structural Welding Code - Steel

3.1.6. Occupational Safety and Health Administration (OSHA)
Title 29, Part 1910 and Part 1926
3.1.7. Steel Structures Painting Council

Steel Structures Painting Manual - Vol. 2

Systems and Specifications
The issue in effect on May-24—4887 January 27, 1999 (unless indicated
otherwise) of the following are recommended as guides to meet the
requirements of this Specification. Mandatory requirements of these

publications are as stated in this Specification.

3.2:1.

American Concrete Institute (ACI)

211.1 Standard Practice for Selecting Proportions for Normal and
Heavyw eight Concrete

302 Guide for Concrete Floor and Slab Construction

304 Guide for Measuring, Mixing, Transporting and Placing
Concrete

308 Standard Practice for Curing Concrete

309 Guide for Consolidation of Concrete
311 ACI Manual of Concrete Inspection
347 Guide to Formwork for Concrete
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4. MATERIALS

4.1.

4.2.

4.3.

4.4,

Cement

4.1.1. Except as otherwise specified, cement shall be Portland cement
conforming to ASTM C 150, Type Il, modified for low alkali.

4.1.2. Cement shall be stored to prevent caking, partial setting, deterioration
or contamination. Cement which has any deleterious characteristics
shall not be used in the mix.

Aggregates

4.2.1. Coarse aggregate shall conform to ASTM C 33. See Section 5.2. for
maximum size of coarse aggregate.

4.2.2. Fine aggregate shall be sand, clean and sharp. Fine aggregate shall
conform to ASTM C 33.

4.2.3. Aggregates shall be stored and handled so as to Jreserve the gradation
and cleanliness of the material. Segregation and/or contamination are
cause for rejection and the deficient material shall be removed and
replaced.

Water

Water used in mixing concrete shall be clear, clean and potable, with no
unusual taste or odor.

Reinforcement
4.4.1. Materials

a. Reinforcing steel bars shall conform to the requirements of
ASTM A 615, Grade 60 except for-bars that are indicated on
the Drawings to be welded shall be ASTM A 706. Steel bars
shall be deformed except for sizes less than 3/8-inch and
specified dowels or spirals.

b. Spiral reinforcing shall conform to the requirements of ASTM
A 82 and smooth dowels shall be ASTM A 36 steel.

c. Welded wire fabric shall conform to the requirements of ASTM
A 185. Unless specified otherwise, the material shall be
furnished only in flat sheets.

d. Fibrous concrete reinforcement shall be 100% virgin
polypropylene fibrillated fibers specifically manufactured for use
as concrete reinforcement, containing no reprocessed olefin
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materials. Fibrous concrete reinforcement shall be as

4.4.2.

manufactured by Fibermesh Company. The length of the fibers
shall be as recommended by the manufacturer of the fibrous
reinforcement for each mix design.

Detailing and Fabrication

a. Reinforcing steel shall be detailed and fabricated in accordance
with, and to the tolerances of, ACI 315 unless otherwise noted
on the engineering design Drawings.

b. Reinforcing as delivered shall be free of loose mill scale, loose
rust, paint, grease, oil, dirt, mud or any other foreign material
which will prevent or reduce bonding.

c. Fabricated reinforcement shall be free of twists, kinks or
unscheduled bends. Such defects shall be cause for rejection.

d. Reinforcing shall be bent cold without inducing fractures or
cracking in the steel.

Reinforcement Accessories

4.5.1.

4.5.2.

4.5.3.

Bar supports, tie wire and accessories shall be supplied by the
Subcontractor.

Bar supports of standard types and sizes shall conform to the Concrete
Reinforcing Steel Institute Specifications. Where concrete will not be
exposed to view, Class 3 bright basic bar supports may be used.
Where concrete will be exposed to view, Class | plastic protected
supports shall be used. Special support systems shall be designed by
the Subcontractor and submitted to the Subcontractor for review. If
the reinforcement is galvanized or coated, the supports shall also be
galvanized or coated.

Tie wire shall be black annealed wire, not less than No. 16 gauge, of
suitable quality for securing reinforcement in place. If reinforcement is
galvanized or coated, then tie wire shall be galvanized, plastic coated or
epoxy coated wire as appropriate.

Expansion and Control Joint Material

4.6.1.

4.6.2.

4.6.3.

Bituminous type expansion joint filler shall be preformed, non-extruding
and resilient conforming to ASTM D 1751.

Non-bituminous type expansion joint filler shall be preformed,
non-extruding and resilient conforming to ASTM D 1752.

Hot poured joint sealing compound shall conform to ASTM D 1190.
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4.7.

4.8.

4.9.

4.10.

4.6.4. Cold applied joint sealing compound shall conform to ASTM C 820.

4.6.5. Caulking compounds shall be "Sikaflex" one-component polyurethane
as manufactured by SIKA Corporation, or equal. " Sikaflex-1CSL', self-
leveling, shall be used for Horizontal Joints and ° Sikaflex-1a',
gun-grade, shall be used for vertical and overhead joints. Primer shall
be as recommended by sealant manufacturer. Color shall be limestone.

4.6.6. Backing rod shall be round, preformed, resilient material such as
"Bhafoam" as manufactured by Dow Chemical Company or equal. The
diameter shall not be less than one and one-half times the width of the
joint in which it is to be installed.

4.6.7. Joint caps shall be 'Snap-Cap', made of high impact PVC, as
manufactured by W. R. Meadows or equal.

Void Form

Void form materials used to bridge footing loads over underground pipes or
structures or for expansive soils shall be Denform "K-Void" as manufactured
by K.C. Construction Supply Company or equal.

Form Oil

Form release agent shall be a commercial product of proven performance that
will prevent adhesion of the concrete to the forms and will not penetrate, stain
or adversely affect concrete surfaces. The material shall not impede wetting
of concrete surfaces to be damp cured nor impair subsequent surface
treatments which depend upon bond or adhesion.

Waterstops

Waterstops shall be extruded polyvinyl-chloride of the size and shape specified
on the Drawings. Waterstops shall be as manufactured by Greenstreak Plastic
Products Co. or an approved equal.

Curing Materials

4.10.1. Waterproof paper, polyethylene sheeting, or polyethylene-coated
burlap shall conform to ASTM C 171. Burke Security Blankets or
equal is a suggested material.

4.10.2. Liquid membrane-forming curing compound shall conform to ASTM C
309, Type 1-D, Class B. Wax base or wax-resin base curing
compounds will not be permitted.
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4.10.3.

Curing compounds which will stain or alter the natural concrete color
shall not be permitted.

4.11. Floor Hardener

Liquid-applied floor hardener shall be Sonneborn "Lapidolith" or an approved
equal fluosilicate type floor hardener.

4.12. Forming

Form materials shall be as specified under Section 6 of this Specification.

4.13. Embedded Items

4.13.1.

4.13.2.

4.13.3.

4.13.4.

4.13.5.

Anchor bolts shall be as shown on the Drawings, and shall conform
to the requirements of ASTM F1554, Grade 36. Nuts shall be
ASTM A 563, Grade A, heavy hex. Washers shall conform to ASTM
F 436. Plate washers shall be ASTM A 36 material.

Structural steel embedments shall be as shown on the Drawings,
shall be fabricated from ASTM A 36 plates, bars and shapes to the
configuration shown on the Drawings and shall conform to the
requirements of the American Institute of Steel Construction (AISC).
Embedments shall be blast cleaned in accordance with SSPC-6
"Commercial Blast Cleaning." Surfaces of embedments which will
not come in contact with the concrete, except surfaces which will
receive welding, shall be prime painted with one shop coat of oil
alkyd paint. The paint system shall be "Kem-Kromik Universal Metal
Primer", BSON2Z6 as manufactured by Sherwin-Williams or engineer
approved equal. Surfaces which will come in contact with the
concrete and surfaces which will receive welding shall be protected
with a solvent removable rust-proof coating.

a. Embedded trench and curb angles shall be provided complete
with floor plate or grating when shown on the Drawings.

Steel pipe embedments shall be standard Schedule 40 black pipe
fabricated to the configuration as shown on the Drawings. Pipe
embedments shall receive surface treatment as in paragraph 4.13.2
above.

Weldable steel stud connectors shall be ASTM A 108 by Nelson
Stud Welding Company or Engineer approved equal and of the
automatic-end-weld type of the size and length shown on the
Drawings. Studs shall not be painted.

Welding electrodes for carbon steel materials shall have a 70,000 psi
minimum tensile strength and comply with Table 4.1, AWS D1.1.
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4.14.

4.15.

4.16.

4.17.

4.13.6. Miscellaneous embedded items, which are manufacturer's standard
items shall be as shown on the Drawings, or an Engineer approved
equal. Standard items shall have a zinc coating conforming to
ASTM A123, A153 or A525.

4.13.7. Abrasive stair nosing shall be Wooster Cast Iron, No. 101 ferrogrit,
or Engineer approved equal, 3 inches wide, with concrete anchors
and standard black finish.

4.13.8. Cast iron floor drains shall be as shown on the Drawings.

Epoxy Material

Epoxy bonding agents adhesives or grout shall be Sikadur as manufactured by
the Sika Chemical Corporation, or Engineer approved equal. Type and grade
shall be as shown on the Drawings for each particular application.

Fly Ash

4.15.1. Class F or Class C fly ash may be used in the concrete to be used on
this project. The fly ash shall meet the requirements of ASTM
C618, "Standard Specification for Fly Ash and Raw or Calcined
Natural Pozzolan for use as a Mineral Admixture in Portland Cement
Concrete", and shall be tested in accordance with ASTM C311,
"Standard Test Methods for Sampling and Testing Fly Ash or Natural
Pozzolans for Use as a Mineral Admixture in Portland Cement
Concrete."

4.15.2. All fly ash used on the project shall be from one source and its
quality shall be monitored throughout the duration of its use.

4.15.3. Fly ash shall be stored as a cementious material per Section 4.1.2

4.15.4. The maximum percentage of cement to be replaced by flyash shall
be 20%.

Concrete Color Pigments

Synthetic red oxide coloring shall be used to color the concrete protecting
electrical duct banks. Quantities of coloring added to concrete mix shall be as
recommended by the manufacturer of the color pigment.

Vapor Barrier

Vapor barrier shall be polyethylene, single film, 6.0 mil thickness, black in
color. Lap joints shall be sealed using an adhesive of the type recommended
by the vapor barrier manufacturer.
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5.

DESIGN OF CONCRETE MIX AND CONCRETE SUPPLY

5.1.

5.2.

5.3.

5.4.

General

All concrete shall be ready-mixed concrete manufactured and delivered in
accordance with the requirements of ASTM C 94, Option C. The concrete
manufacturer shall assume the responsibility for the design of the concrete
mix or mixes. Design of the concrete mixes to fulfill job requirements shall
comply with ACI 301 and may be done either on the basis of previous field
experience on trial mixtures or new trial mixtures. Proportioning of the new
concrete mix shall not be done based on empirical data. The design of the
concrete mix shall be in accordance with ACI 211.1 to attain the properties of
strength, slump, entrained air, and water-cement ratio in conformance with
the following requirements.

Maximum Size of Coarse Aggregate

Coarse aggregate shall be No. 67 (3/4 inch to No. 4) for concrete classes BSA
and CSA. Coarse aggregate for concrete classes BLA and CLA shall be No.
467 (1% inch to No. 4).

Proportioning of Ingredients

5.3.1. The proportion of ingredients shall be selected to produce the proper
placeability, pumpability, durability, strength and other required
properties, and shall be such as to produce a mixture which will work
readily into the corners and angles of the forms and around
reinforcement by the methods of placing and consolidation employed
on the work, but without permitting the materials to segregate or
excessive free water to collect on the surface.

5.3.2. The determination of the water-cement ratio to attain the required
strength and/or durability shall be in accordance with ACI 301 and with
ACl 211.1. The maximum water-cement ratio for concrete which will
be subjected to special exposure conditions or exposed to sulfate
containing solutions shall be in accordance with ACI 318, Chapter 4.
The maximum water cement ratio for all other concrete shall be 0.50.

Strengths

5.4.1. Concrete mixes shall be designed for the minimum compressive
strengths, aggregate size and air content as listed hereafter:
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28 Day Maximum Size Percent of

Designation Strength Aggregate Entrained Air
Class ASA 5000 psi 3/4" 6.0% £ 1.5%
Class ALA 5000 psi 7 1/2° 55% £ 1.5%
Class BSA 4000 psi 3/4" 6.0% £ 1.5%
Class BLA 4000 psi 11/2" 55% +t 1.5%
Class CSA 3000 psi 3/4" 6.0% t 1.5%
Class CLA 3000 psi 11/2" 5.5%  1.5%
Class D 2000 psi 3/4"

(Lean Concrete)

5.4.2. Special Classes

a. Pea-gravel aggregate, 3000 psi at 28 days, to be designated as
CPG (an "A" suffix for air entrainment may be used as required.
If used, air content shall be between 6% and 7.5% with a
tolerance of + .5%).

b. Sand-cement, 5000 psi at 28 days, shall be referred to on the
‘ Drawings as "S-C Grout".

c. The suffix "F' added to the concrete designation shall indicate
fibrous reinforced concrete.

5.5. Slump

Except where otherwise indicated on the Drawings, concrete mixes shall be
designed for the following slumps. Slumps shall be measured in the field at
the point of discharge from the transport vehicle one slump test per truck, and
shall be tested in accordance with ASTM C 143 and shall be within the
following limits:

SLUMP IN INCHES

TYPE OF CONSTRUCTION MAXIMUM MINIMUM

Reinforced Foundation Walls

and Footings 4 1

Plain Footings and Substructure

Walls 3 1

Drilled Piers 74 5

Beams and Reinforced Walls 4 1

4 Building Columns 4 1

. Pavement Slabs 3 1

Mass or Mat Concrete 2 1

Filling Piles 6 4
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5.6.

5.7.

5.8.

5.9.

Correction of Proportions

Prior to concreting operations, the Subcontractor shall establish minimum
standards of proportions of all the types of concrete to be used on the project.
Concrete operations shall proceed with these mix designs, but if at any time
the tests of job concrete indicate failure to meet the strength, slump, and air

_ entrainment requirements, the Subcontractor shall be required to change the

standard proportions to meet the requirements.

Air-Entraining Agent

5.7.1. All concrete shall be air entrained unless otherwise noted.on the
drawings. Air content by volume shall be in accordance with 5.4.1
above and shall be determined in accordance with ASTM C 231. Air
content shall be based on measurements made in concrete mixtures at
points of discharge from the truck at the jobsite.

5.7.2. Air entrainment shall be produced by adding an air entraining agent at
the mixer. Air entraining agent shall conform to ASTM C 260. The
agent and the cement proposed for use shall be selected well in
advance of concrete placing, and the Subcontractor shall provide
satisfactory facilities for ready procurement of adequate test samples.

Water-Reducing and Set-Controlling Admixtures

5.8.1. A water-reducing admixture shall be used (ASTM C 494, Type A). At
the option of the Subcontractor, a water-reducing admixture which
retards the time of set may be used (ASTM C 494, Type D).

5.8.2. Water reducing admixtures shall conform to the requirements of ASTM
C 494. Admixtures shall be used in strict accordance with the
manufacturer's recommendations and shall be accompanied by the
services of the qualified field representative of the manufacturer to
supervise the use thereof. The Subcontractor and concrete producer
shall submit a certificate from an approved laboratory attesting that the
admixture equals or exceeds the physical requirements of ASTM C
494, Type A or D as applicable.

High Range Water Reducing Admixture (Plasticizer)

5.9.1. At the option of the Subcontractor, a high range water reducing
admixture, conforming to ASTM C 494 Type F and ASTM C1017, may
be used. The concrete mix shall be specifically designed for the use of
a plasticizer to maintain homogeneity of the flowing concrete.
Plasticizers may only be added at the site of the pour and must be used
in strict accordance with, and under the supervision of, the
manufacturer of the admixture.
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5.10.

5.11.

5.12.

5.9.2. The use of high range water reducers shall be limited to those
placements which require that concrete be pumped a long distance or
w hich would be difficult to place at the normal slump.

Fly Ash

Class F or Class C fly ash may be used in the concrete to be used on this
project. The fly ash shall meet the requirements of ASTM C618, "Standard
Specification for Fly Ash and Raw or Calcined Natural Pozzolan for use as a
Mineral Admixture in Portland Cement Concrete", and shall be tested in
accordance with ASTM C311, "Standard Test Methods for Sampling and
Testing Fly Ash or Natural Pozzolans for Use as a Mineral Admixture in
Portland Cement Concrete". If a fly ash admixture is to be used, the
establishment of the concrete mix design shall include the use of fly ash and
determine the amount of fly ash which may be used to obtain the specified
concrete properties and strengths. Any deleterious effects from the use of fly
ash shall be reported in writing with the mix design submittal.

Concrete Uniformity

Concrete mixers to be used in the performance of the work of this project
shall be tested by the Subcontractor for their ability to deliver a uniform mix
throughout the batch. This testing shall be in accordance with the
requirements of ASTM C 94, Annex A1, Concrete Uniformity Requirements.

Mixers not meeting the requirements of ASTM C 94 Annex A1 shall not be
used until the condition causing the non-uniformity has been corrected and the
mixer re-tested.

Mixing and Delivery

5.12.1. Scheduling

Subcontractor alone shall be responsible for scheduling the class(es)
of concrete needed, slump and additives required, and the start,
duration and rate of concrete deliveries necessary to meet the
Subcontractor's construction needs.

5.12.2. Cold Weather Conditions

Concrete mixed and delivered when the mean ambient temperature
is 40°F or less, shall be mixed and delivered in accordance with ACI
306.

5.12.3. Hot-Weather Conditions

Concrete mixed and delivered when the mean ambient temperature
(as defined in ACI 301, Section 8.4.3.) would be detrimental to
concrete, shall be mixed and delivered in accordance with ACI
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5.12.4. Time Limit Between Mixing and Placement

Discharge and placement of each load of concrete shall be complete
within forty-five (45) minutes after addition of water to the mix
when hot weather conditions prevail. At other times, the time limit
shall be ninety (80) minutes.

5.12.5. Delivery Tickets

Each load of concrete shall be accompanied by a delivery ticket, in
triplicate, showing at least the information prescribed by Paragraph
16.1 of ASTM C 94. After each load of concrete has been
discharged or the truck has been released, one copy of each delivery
ticket shall be grouped with other delivery tickets for that pour, for
delivery to the Contractor.

5.12.6. Rejection of Concrete

Deliveries of concrete which has excessive slump, or has
commenced its initial set before or during discharge, or is otherwise
detectable as not meeting specification requirements, shall be
rejected by the Subcontractor and shall not be placed in the work.

5.13. Fibrous Reinforced Concrete

5.13.1. Add fibrous concrete reinforcement to concrete materials at the time
concrete is batched and at the rate recommended by the
manufacturer.

5.13.2. Mix batched concrete in strict accordance to the fibrous concrete
manufacturer's instructions and recommendations for uniform and
complete dispersion.

5.13.3. Provide the services of a qualified technical representative from the
fibrous reinforcement manufacturer, or an authorized dealer, to
instruct the concrete supplier in proper batching and mixing of
materials.

6. INSTALLATION
6.1. Subgrade

6.1.1. The subgrade shall be undisturbed soil, rock or compacted structural
fill free of any loose material. The soil density shall be tested for
compaction in compliance with The Project Specifications or
compaction specified on the Drawings.

6.1.2. When concrete is placed on soil, provision will be made to eliminate
moisture from the concrete being absorbed by the soil either by use
of polyethylene sheeting or wetting of the soil; however, the soil
shall not be muddy, or have standing w ater.
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6.1.3. Under adverse conditions, the foundation material may be

6.1.4.

over-excavated and filled with lean concrete.

The subgrade shall be finished to smooth even contours conforming
to the sections and grade elevations called for on the Drawings.

6.2. Cold Joints

6.2.1.

6.2.2.

6.2.3.

6.3. Cleaning

6.3.1.

6.3.2.

Existing hardened concrete surfaces shall be roughened by
sandblasting, water blasting or air-tooled and cleaned by air or water
jet to expose a good surface of well bonded aggregate.

Hardened concrete surfaces on which new concrete is to be placed
shall be kept wet for 24 hours previous to the pour. Pools of
free-standing water shall be removed and a neat cement mortar
having about the same proportion of cement to sand as the new
concrete shall be well brushed into the surface just prior to placing
the new concrete. This mortar shall not be allowed to dry out or
harden before the new concrete is placed.

Some existing concrete surfaces may require special bonding as
specified on the Drawings. Bonding agents shall be applied in
accordance with Section 6.24.4 of this Specification.

All debris, foreign material, ice and snow shall be cleaned from the
interior of forms, trenches or excavations. No concrete will be
placed on or against frozen soil or subgrade unless a written
procedure is submitted to the Engineer for approval.

Forms, reinforcement and embedded items shall be free of all dirt, oil
and foreign material including hardened or dried concrete or curing
compound splashed on them from previous concrete placements.

6.4. Inspection Prior to Placement

6.4.1.

6.4.2.

6.4.3.

The terms "shall be", "shall have been", "shall be checked" or "shall
be verified" will mean the work has been performed with the
knowledge of and to the satisfaction of, or under direct supervision
of the Contractor.

Formwork, placement of reinforcement and embedded items shall
have been checked for dimensions, elevations, location and
tolerances prior to placing concrete.

Formwork shall have been checked for design, shoring and adequacy
in accordance with Section 6.7 of this Specification.
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6.5.

6.6.

6:7.

6.4.4. Reinforcement shall have been checked for proper size, positioning,
tying and support in accordance with Section 6.12 of this
Specification, the Drawings and reinforcement placing drawings.

6.4.5. Embedded items shall have been checked for adherence to the
Drawings, locations and adequate fastening to the forms or
templates in accordance with Sections 6.16 and 6.17 of this
Specification.

6.4.6. All equipment required for the placing of concrete in the work shall
have been properly cleaned and the operation of mechanical
equipment checked for reliability to perform its intended use.

6.4.7. All materials used in construction of the work shall have been
verified as being in accordance with the Drawings, this Specification
and the referenced specifications.

6.4.8. The compliance with all sections of this specification, shall have
been inspected and approved by the Contractor before any concrete
is placed.

Ground Water

When flowing water is encountered, it shall be pumped or diverted away from
the excavation to avoid washing of the fresh concrete during placement
operations. If this method is not possible, then the water should be allowed to
rise to a static no-flow condition and the concrete placed by tremie.

Access

The Subcontractor shall have provided adequate access walkways, safety
barricades and facilities, and adequate access ways for concrete delivery
vehicles or conveyances. Under no circumstances will concrete chutes or
conveyances be supported on reinforcing steel.

Formwork

6.7.1. The Subcontractor shall be responsible for designing and providing
suitable and adequate formwork to meet the safety requirements and
the required quality of the finished work. The material to be used for
formwork shall be selected by the Subcontractor as being the most
suitable for the specific work involved. The formwork shall conform to
the shapes, lines, elevations and dimensions of concrete shown on the
Drawings. The latest issue of ACI 347 "Guide to Formwork for
Concrete" shall be used as a guide.

6.7.2. Formwork shall be designed to resist all loads and forces which it may
be subjected to, safely and without distortion. Dead loads are to be
taken as the weight of formwork including shoring and bracing,
reinforcement, embedded items and the weight of wet concrete to a
minimum of 150 pounds per cubic foot, with due regard to admixtures
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6.7.3.

6.7.4.

6.7.5.

6.7.6.

6.7.7.

and rate of placing. Live loads are to include, but not be limited to, the
weight of workmen, placing equipment, storage of materials, runways,
impact and wind loads.

The Subcontractor shall prepare drawings for the construction and
assembly of formwork including shoring, bracing, guying, tying and
reshoring as required. The drawings shall show details for the work
such as, but not limited to, the following:

Materials, concrete placing methods and openings, rate of placing,
sequence and schedule for placing, provisions for adjustment during
placement, camber, anchors, ties, shores and bracing, scaffolds and
runways, construction joints, foundations for formwork, and all
details pertinent to forming the concrete as shown on the Drawings.

The formwork drawings shall indicate the time for removal of
formwork and shall show design and details of reshoring required for
the work.

The Subcontractor's design and drawings are subject to review and/or
approval by the Contractor or the Engineer. The review and/or approval
of the design and drawings in no way relieves the Subcontractor of his
responsibility of providing suitable and adequate formwork for the
concrete work.

The forms shall be constructed, shored, braced and tied to maintain
their position and shape during and after placing concrete. They shall
be sufficiently tight to prevent leakage of mortar. The forms shall have
adequate stiffeners, wales and braces to prevent noticeable deflection
or waviness. Forms shall be sufficiently rigid to limit deflection under
the weight of wet concrete to 1/8 inch. Forms for beams, floor slabs
and similar members shall be constructed with a camber in order that
deflection due to the weight of forms, reinforcing, and wet concrete
shall be approximately zero after forms are removed.

The forms shall be constructed so that exposed concrete will have
smooth surfaces free from offsets, fins or other unsightly defects.
Forms which are reused shall be thoroughly cleaned of dirt, hardened
concrete or undesirable adhering substances and they shall be patched,
repaired and finished to a smooth surface without broken or chamfered
corners.

Form release agent shall be applied to the form surfaces before placing
reinforcement or embedments. Application is to be in accordance with
the manufacturer's recommendations.

Form ties shall be factory fabricated, removable or snap-off ties, fixed
or adjustable in length, and shall not have devices that will leave a hole
larger than one inch in diameter in the surface of the concrete. The

F:\FMCALL\SPEC\BO500T.W60




Raytheon Engineers & Project No.: _96096.XXX

CONCRETE CONSTRUCTION Spec. No. B05.00T

Constructors Page 18 of 39

6.8.

6.7.8.

6.7.9.

portion of the tie remaining in the concrete after removal of the exterior
parts shall be at least one inch back from the surface of the concrete.
All holes in the surface of the concrete from ties shall be filled with
cement mortar.

Hydraulic structures or other structures requiring watertightness shall
have form ties furnished with waterstops.

All form ties are subject to approval of the Contractor.

Openings or other devices shall be provided to permit depositing
concrete in a manner which will prevent segregation or accumulations
of hardened concrete on forms or reinforcement above the concrete
level.

Temporary openings shall be provided in forms at the base of columns
and at the bottom of walls to facilitate cleaning and inspection. These
openings shall be securely closed prior to placing concrete.

The corners of all exposed concrete shall have a chamfer of 3/4 inch
unless otherwise noted on the Drawings. The forms shall be provided
with chamfer strips, except where it can be troweled or at the top of
piers where it can be formed in the grout.

Form Removal

6.8.1.

6.8.2.

6.8.3.

Forms shall be designed and constructed for removal without damage
to concrete.

Forms and shoring shall not be removed until the concrete has attained
sufficient strength to support its own weight and any construction or
storage loads to which it may be subjected. The use of criteria in this
Specification or in referenced specifications shall not relieve the
Subcontractor of responsibility for the complete safety of or damage to
the structure.

The mix design ingredients (such as type of cement, fly-ash, curing
additives) and the curing procedures (including temperature), shall be
considered in determining the strength of the concrete. The times
given below do not apply to cold weather concreting and are minimum
times for removal of forms only. Curing shall continue as specified in
Section 6.26.

a. Structures such as footings, mats, equipment piers and pile caps
where form removal induces no stress in the concrete; the forms
may be removed 12 hours after completion of placement.
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6.9.

6.10.

6.8.4.

6.8.5.

b. Structures such as columns, walls or sides of beams for which
the forms do not provide vertical support; the forms may be
removed 24 hours after completion of placement, or when the
concrete has attained 500 psi minimum compressive strength.

c. For all other form removal the strength attained the stresses
from loads the structure may be subjected to and the complete
safety of the structure shall be evaluated.

If form removal is critical to the construction schedule and the safety of
the structure is questionable, compressive strength control tests shall
be used as evidence that concrete has attained sufficient strength to
permit removal of supporting forms. Cylinders required for the control
tests will be in addition to those required for standard compressive
strength testing. The control test cylinders will be removed from the
molds after 24 hours and stored in the structure where they will be
cured in the same manner as the structure. The cylinders shall be
tested as near the end of the form removal period as is practical. The
forms shall not be removed until the control test strength has been
calculated to be sufficient to withstand the stresses to which the
structure may be subjected.

No concrete section shall be loaded earlier than twenty eight (28) days
after placement without approval of the Contractor. Loads shall not
exceed those permitted by the Contractor at any concrete age.

Shoring

6.9.1.

6.9.2.

6.9.3.

The structural support for formwork shall be designed and constructed
in conformance to criteria given in the design and construction sections
of this Specification as well as conforming to referenced specifications
and publications.

If settlement is a possibility then shoring shall be provided with
adjustment devices so that allowable deflections and tolerances can be
monitored and maintained during placement and curing of the concrete.

The shoring shall not be removed until the structure can safely
withstand the loads it may be subjected to.

Reshoring

6.10.1. The structure shall be reshored if the formwork is removed before 28

days or the concrete has not attained the full design strength and the
structure is to be subjected to loading in excess of the structure's
reduced strength capacity.
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6.12.

6.10.2. Concrete which has cured for 28 days or has attained the full design
strength and is to be subjected to storage or construction loads in
excess of the loads for which it was designed shall be reshored to
safely withstand the loading to which it is to be subjected.

6.10.3. Retaining walls and structures having compacted backfill placed
against them shall be shored to resist the compaction and vibration
loads during backfilling operations.

Tolerances

6.11.1. Tops of piers, pedestals and equipment foundations shall be + 1/4
inch within specified elevation and with a variation from level of 1/4
inch in any 10 feet.

6.11.2. Finished floor slabs shall be a true plane within 1/4 (*) inch in 10 feet,
as determined by a 10-foot straight edge placed anywhere on the slab
in any direction unless special finish tolerances are noted on the
Drawings.

(*) May be 5/16 inch for concrete slabs on metal decking.

6.11.3. The tolerance of all concrete work shall be suitable to accommodate
all equipment and machinery for which it was intended.

6.11.4. All other tolerances shall be in accordance with ACI 117, Tolerances
for Concrete Construction and Materials.

Reinforcing Steel

6.12.1. Installation of reinforcing steel and welded wire fabric shall be in
accordance with ACI 318 and the Drawings. Reinforcing steel shall not
be bent or straightened in a manner injurious to the steel. Bars with
kinks or bends not indicated on the Drawings shall not be used in the
work. The use of heat to bend or straighten reinforcing steel is
authorized only if approved in advance by the Contractor.

Before placement, reinforcing steel shall be thoroughly cleaned of
loose or flaky rust, mill scale, or coatings of any foreign substance
that would reduce or destroy the bond. Reinforcing steel reduced in
section shall not be used in the work. Steel shall be placed where
indicated on the Drawings. In the event of a substantial work delay,
previously placed reinforcing steel left for future bonding shall be
inspected and cleaned. Field splices, if required, shall be made with a
wire-tied lap of not less than the number of bar diameters indicated in
ACl Code 318 for the proper class of splice as shown on the
Drawings. As an alternate, mechanical connectors used in strict
conformance to the manufacturer's recommendations may be used
with prior approval of the Engineer in lieu of the lapped and tied
splices.

F\FMCALL\SPEC\BOS00T.W60




Raytheon Engineers & Project No.: _96096.XXX

CONCRETE CONSTRUCTION Spec. No.____B05.00T

Constructors Page 21 of 39

6.13.

6.12.2.

6.12.3.

6.12.4.

6.12.5.

The clear distance between parallel bars, except in columns, shall be
not less than the nominal diameter of the bars, 1-1/3 times the
maximum size of the coarse aggregate, or 1 inch, whichever is
greater. Where reinforcement in beams or girders is placed in two (2)
or more layers, the clear distance between parallel layers shall not be
less than 1 inch, and the bars in the upper layers shall be placed
directly above those in the bottom layer.

Reinforcing steel over "K-Void" fibre or equal forms shall be supported
on rods driven into the ground beneath the K-Void, or upon slab
bolsters over steel plates resting on the K-Void. Pate areas and
thicknesses shall be such that the K-Void is not crushed under the
combined weight of wet concrete and reinforcing steel.

Welding shall not be performed on reinforcing steel unless shown on
the Drawings.

Prior to placing any reinforcing in thick mats (i.e., over 2'-0" thick), the
Subcontractor shall design an adequate reinforcing steel support
system to hold reinforcing for these mats to proper position as shown
on the Drawings. The Contractor will inspect and/or review
Subcontractor's support system prior to placing the reinforcing steel.

Concrete Covering over Steel Reinforcement

8.13:1.

The thickness of the concrete covering over steel reinforcement shall
not be less than the diameter of the round bars and in the following
specific instances, not less than specified below:

Footings and other principal 3 inches between
structural members in which earth or void forms
concrete is deposited against

the earth or void forms.

Mats on lean concrete mud slabs 2 inches
Structures where surfaces are 3 inches
in contact with water plus

freezing and thawing.

Concrete surfaces which, after removal
of forms, are exposed to earth or weather:

For bars No. 6 and larger 2 inches
For bars No. 5 and smaller 1-1/2 inches

Where surfaces are not directly exposed
to earth or weather:
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For slabs and walls for 3/4 inches

No. 11 and smaller

For beams, girders and tied columns 1-1/2 inches

6.14. Supports

6.15.

6.16.

6.14.1. Reinforcement shall be securely held in position by spacers, chairs, or
other approved supports. The type, number and spacing shall conform
to ACI 315. They shall be plastic tipped where the finished concrete
will be exposed.

6.14.2. Reinforcement shall be securely tied at intersections and splices, as
required by the CRSI's "Manual of Standard Practice for Reinforced
Concrete Construction", to maintain their position during work by
other trades and during concrete placement. Tying shall be done using
black annealed wire, with wire tie ends pointing away from the form.
Tack welding of reinforcing or of reinforcing steel assemblies shall not
be permitted.

6.14.3. When mats and footings are cast on mud slabs, the reinforcing may be
supported on spacers or chairs; however, when slabs, mats or footings
are cast on grade the reinforcing shall be supported on precast
concrete blocks or other approved device. Such supports shall be
spaced at intervals required by the reinforcing size to maintain the
specified minimum concrete cover over the steel bars.

Splicing of Welded Wire Fabric

6.15.1. End laps shall be avoided in mid-span and support areas of structural
slabs; end cross-wires shall be overlapped by at least two cross-wires
plus two inches, but not less than six inches.

6.15.2. In non-structural slabs, and in structural slabs at points laying between
1/10 and 1/4 of the span from a support, end cross-wires shall be
overlapped at least two inches, unless noted otherwise on the
Drawings.

6.15.3. Side laps shall be 1/2 spacing of longitudinal wires.
Embedded Items

6.16.1. Prior to placement of concrete and during formwork operations, the
Subcontractor shall properly locate and set all items to be placed in
the forms or set into the concrete; such as but not limited to anchor
bolts, conduit, pipe sleeves, floor drains, drain piping, curb angles,
weld plates and inserts. The Subcontractor shall be responsible for
securely fastening and supporting all embedded items shown on the
Drawings and to the dimensions as shown thereon.
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6.16.2. Prior to setting embedded items into the formwork, all rust-proof
protective coatings which will come in contact with the concrete shall
be removed by solvent cleaning.

6.16.3. Weld plates, inserts, and pipe sleeves shall be located within 1/4 inch
of the location shown on the Drawings.

6.16.4. Cast iron floor drains shall be installed in floor slabs at the location and
elevation shown on the Drawings.

6.17. Anchor Bolts

6.17.1. Anchor bolts and anchor bolt groups shall be supported and set using
templates attached to the forms, and embedded ends securely tied to
prevent displacement during placing of concrete. Tolerances from
dimensions shown on the Drawing shall not exceed the following:

a. Bolt projection - plus 1/4 inch, minus 0 inch.

b. 1/8 inch center to center of any two bolts within an anchor bolt
group, where an anchor bolt group is defined as the set of
anchor bolts which receive a single fabricated steel shipping
piece or equipment base.

c. 1/4 inch center to center of adjacent anchor bolt groups.

d. Maximum accumulation of 1/4 inch per hundred feet along the
established column or plant control line of muiltiple anchor bolt
groups, but not to exceed a total of 1 inch, where the
established column line is the actual field line most
representative of the centers of the as-built anchor bolt groups
along a line of columns.

e. 1/4 inch from the center of any column or equipment anchor
bolt group to the established column or plant control lines
through that group.

f. The tolerances of paragraphs c., d., and e. apply to offset
dimensions shown on the plans, measured parallel and
perpendicular to the nearest established column line for
individual columns shown on the plans to be offset from
established column lines.

6.17.2. Unless shown otherwise, anchor bolts shall be set perpendicular to the
theoretical bearing surface.

6.17.3. Welding to anchor bolts will not be permitted except where specifically
shown on the Drawings.
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6.17.4. Anchor bolt sleeves shall be plugged, capped, or otherwise securely
closed to prevent entry of concrete, dirt, debris or water during
subsequent construction. Packing or water shall not be permitted to
freeze in anchor bolt sleeves. The use of anti-freeze in anchor bolt
sleeves is prohibited.

6.17.5. Exposed anchor bolt threads shall be given a coat of grease and
protected from corrosion or other damage to the threads.

6.18. Depositing Concrete

6.18.1. Concrete shall be conveyed and placed as rapidly as practical, either
by manual or mechanical means that will prevent the segregation or
loss of ingredients. No aluminum material shall be used to convey or
place concrete. Concrete shall be deposited continuously in horizontal
layers, in a manner to prevent displacing reinforcement and the
accumulation of concrete on the forms or the reinforcement above the
level of fresh concrete. Concrete that has attained its initial set or
otherwise becomes unsuitable for placement, as established by the
Contractor in accordance with ASTM C 94, shall not be placed in the
work.

6.18.2. Chuting of concrete shall be permitted only upon approval by the
Contractor. Chutes shall be of rounded cross-section to avoid
accumulation of concrete in corners. The slopes of chutes shall be
steep enough to permit flow without requiring a slump greater than
that specified or required for placement (slope usually 1 vertical to 2 or
2-1/2 horizontal). In intermittent operations, when free movement of
concrete in the chute is not possible, discharge the material from the
chute into approved hoppers. Thoroughly clean all chutes and hoppers
before and after each run. Wash water and debris shall be discharged
outside of forms.

6.18.3. Where concrete is conveyed and placed by mechanically applied
pressure, the equipment shall be suitable in kind and adequate in
capacity for the work. The operation of the pump shall be such that a
continuous stream of concrete without air pockets is produced.

When pumping is completed, the concrete remaining in the pipeline
shall be ejected in such a manner that there will be no contamination
of the concrete or separation of the ingredients. After this operation,
the entire equipment shall be thoroughly cleaned.
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6.18.4.

Concrete shall be placed in the forms in uniform layers as nearly as
practicable in final position. It shall not be allowed to fall freely more
than 5 feet in unexposed work nor more than 3 feet in exposed work.
Drop chutes shall be available in sufficient number so the concrete
placement can be made in horizontal layers with little lateral concrete
movement in the forms.

Concrete layers shall not exceed 2 feet in thickness and shall be
thoroughly consolidated before the succeeding layer is placed. Timing
of placement shall be such that each succeeding layer is placed before
the preceding layer has reached its initial set.

6.19. Consolidation

6.19.1.

6.19.2.

6.19.3.

6.19.4.

During and immediately after placing, concrete shall be vibrated and
worked to provide thorough consolidation around reinforcement,
embedded items, and into corners of forms. It shall be consolidated
with immersion-type vibrators having frequencies in the range of 3600
to 13,000 vibrations per minute. External vibrators mounted on or
held against the forms will not be permitted.

After a level surface has been attained by inserting the vibrator into
centers of high concrete points left during depositing, the vibrator
should be inserted vertically at uniform spacings of about 12 to 24
inches such that the area visibly affected overlap previously vibrated
material by a few inches.

The vibrator should penetrate rapidly through the full depth of each
new concrete layer and about six (6) inches into any preceding fresh
layer. The vibrator should be held in such position until consolidation
is considered adequate (5 to 15 sec). The vibrator should then be
withdrawn slowly at a rate of about three (3) inches per second.
Concrete should move back into the space vacated by the vibrator.
To prevent segregation of mix, vibration shall be continued only long
enough to accomplish thorough consolidation and complete
embedment of the reinforcement and fixtures.

Vibrators shall not be used as a means of moving concrete to a
desired placement area. This action shall be accomplished by correct
initial placement augmented by the use of hand shovels. The
Subcontractor shall provide a sufficient number of vibrators so that
consolidation can be accomplished immediately after the concrete has
been deposited in the forms. Vibrators should not come in contact
with forms, reinforcing or embedded items.
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6.20. Retempering

Water shall not be added to mixed batches of concrete to increase the slump
without specific approval of the Contractor. When batches delivered to the
job show an unduly low slump (as might occur during hot weather)
consideration shall be given to the use of retarders.

6.21. Construction Joints

6.21.1. The plans will show normal requirements for construction joints.
Therefore, field work shall be planned so that a minimum number of
field located construction joints are needed. The type, number, and
location for such field established construction joints shall be reviewed
by the Contractor.

6.21.2. Unless otherwise directed by the Contractor or shown on the
Drawings, construction joints shall be located as follows:

a. In floor slabs on grade, construction joints shall be located on
interior column lines or at the center of slab panels.

b. In concrete framed floors and roofs, construction joints shall be
placed at the center of span in slabs, beams and girders, except
where intersecting members occur at such points. In these
cases, offset the construction joint a distance approximately
equal to twice the width of the intersecting member and provide
supplementary reinforcing as directed by the Contractor.

c. In steel framed floors and roofs, construction joints shall be
placed at the centerlines of supporting members.

d. In columns, construction joints shall be placed at underside of
floor or roof members and undersides of column capitals,
haunches, or brackets.

e. Horizontal joints below grade and in one story walls above grade
shall be avoided. If joints are necessary, they shall be located at
well defined horizontal lines such as window sills or heads, or
other well defined architectural trim lines.

f. When vertical joints are deemed necessary in flat wall surfaces,
special care shall be exercised to prevent offsetting of adjacent
wall faces.

6.21.3. The joint surfaces shall be perpendicular to the concrete surfaces in
which they occur, whether the concrete is a wall, slab, mat, beam, or
otherwise. Shearing forces across the joint may be carried by shear
keys or web steel. Unless otherwise shown on the Drawings,
reinforcing steel shall be continuous across the joints.
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6.21.4. For joint preparation see Section 6.2, Cold Joints in this Specification.
Expansion and Control Joints
6.22.1. Expansion and Control joints shall be provided as located and detailed

6.22.2.

6.22.3.

on the Drawings. Field changes as to either location or type shall be
approved by the Contractor. The Subcontractor shall supply and
install all material as specified in Section 4., Materials, of this
Specification. All expansion and control joints shall be sealed. The
maximum horizontal dimensions of concrete wall or floor slab sections
placed at one time shall be 40 feet unless otherwise noted on the
Drawings.

Expansion joints shall have keys or other mechanical devices to keep
adjacent surfaces in alignment, and in accordance with details
provided on the Drawings.

Control joints may be either formed and tooled or sawed. Care shall
be taken in formed joints to not damage the form during placing of
concrete or to not damage the concrete surfaces during removal of
form. Saw cut joints shall be sawed within 24 hours after placing
concrete and care shall be taken to avoid cutting reinforcement.
Joints shall be a minimum of one third the depth of wall or slab.

Waterstops

6.23.1.

6.23.2.

Waterstops shall be provided in all cold joints for hydraulic structures
and joints below grade where water is present. Joints where
waterstops are provided shall have keys or other mechanical devices
designed to prevent differential movement across the joints.

Waterstops shall be installed to produce a continuous diaphragm in
each joint indicated on the Drawings or in field-located construction
joints in slabs and walls as approved by the Contractor. Splices shall
be made in accordance with the manufacturer's recommendations.

Waterstops shall be accurately secured in position and shall be
protected from damage and displacement during concrete placement.
Punctured or poorly spliced waterstops shall be repaired or replaced by
and at the expense of the Subcontractor.

Bonding

6.24.1.

Concrete on which other concrete is placed shall be either still plastic
or thoroughly hardened, but not in a semi-hardened state that may be
disrupted and weakened by the added load and the jarring due to
placement of additional concrete.
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6.24.2.

6.24.3.

6.24 4.

To provide bond between successive lifts of concrete, the exposed
surface of the hardened concrete shall be cleaned and roughened,
without loosening the embedded aggregate. Brooms or air-water jets
shall be used after the start of initial setting of the concrete.
Sand-blasting or air-tooling shall be employed after the concrete has
hardened. In all cases, the surface film and laitance or diluted paste
shall be removed and a reasonably high percentage of aggregate
exposed. Immediately before the new concrete is placed, the old
surface shall be clean, damp and free from standing pools of water.

Batches of neat cement or of mortar having about the same proportion
of cement to sand as used in the concrete, or as otherwise specified
herein, shall be deposited and well brushed in, just ahead of the new
concrete.

Where a more positive bond is required and where indicated on the
Drawings, a two-part epoxy bonding compound shall be used to bond
new concrete work to hardened or aged concrete surfaces. The
surface preparation and application of the epoxy bonding compound
shall be in accordance with the Manufacturer's recommendations and
specifications. ’

6.25. Concrete Finishes

6.25.1.

Repairing and Patching Formed Surfaces

a. Concrete surfaces shall be repaired immediately after form
removal. Cavities produced by form ties, honeycomb,
rockpockets, spalling or other similar defects shall be thoroughly
cleaned and kept saturated with water for a period of at least
one hour prior to repair. Before placing dry-pack or mortar, a
grout of cement and water mixed to a consistency of paint shall
be brushed into the surfaces to which the dry-pack or mortar is
to be bonded. Repair of defective areas shall be in accordance
with ACI 301 -Chapter$8 Section 5.

b. Holes left by tie rods shall be hammer-packed with stiff,
dry-pack mortar of the same materials as that in the concrete.

c. Honeycombed areas shall be removed to a depth at which sound
concrete is exposed. Cut-out areas shall be straight at right
angles to the surface, and filled with concrete matching that of
the structure.

d. Spalled and pitted areas resulting from concrete sticking to the
forms shall be chipped back to obtain a good mechanical bond,
undercut at the edges, and repaired with mortar matching that
of the concrete.
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On concrete which will be exposed in finished work,
approximately 20 percent white cement shall be mixed with the
gray patching cement to offset the tendency of patches to show
up darker than the surrounding concrete.

While defects are being repaired, the surface shall not be
allowed to become dry, nor shall the underlying concrete be
damaged. Patched areas shall be damp cured for seven days.

Finished repairs shall be subject to the approval of the
Contractor. Unsatisfactory repairs shall be redone by and at the
expense of the Subcontractor.

6.25.2. Finishes on Formed and Flat Concrete Surfaces

Formed concrete surfaces against which backfill will be placed,
and which will therefore be concealed in the finished work, shall
have a rough form finish with all tie rod holes packed, and all
defects repaired. No other finishing will be required. Rough
form finish shall be in accordance with AClI 301,—-Chapter—10
Section 5.

Unformed surfaces of foundations which will be backfilled and
not exposed to view in the finished work shall be screeded to
proper elevation followed by a darby or bull float. Surface
cracking occurring prior to set of the concrete shall be closed by
hand float.

Formed concrete surfaces which will be exposed in the finished
work shall have a smooth form finish with all fins and burrs
removed and ground smooth, all the rod holes packed and all
defects repaired.  Patches shall match the color of the
surrounding surface and shall be smooth and level. No other
finish will be required. @ Smooth form finish shall be in
accordance with ACI 301,-Chapter40 Section 5.

Interior floor surfaces which will remain exposed to view in the
finished work shall be given a "Double Steel Troweled Finish",
unless noted otherwise on the Drawings.

Roof slab surfaces, and floor slab surfaces to receive tile or
other overlayment, shall be given a "Single Steel Troweled
Finish."

Surfaces which will subsequently be grouted for support of
column base plates, equipment, etc., shall be given a "Float
Finish."
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6.26.

6.25.3.

6.25.4.

6.25.5.

6.25.6.

g. Unformed concrete surfaces other than slabs or floors, which
remain exposed to view in the finish work shall be given a
"Single Steel Troweled Finish."

h. Exterior slabs for paving, stoops, ramps and sidewalks shall be
given a "Broomed Finish", unless otherwise noted on the
Drawings.

"Float Finish" shall be accomplished by either wood, cork, or metal
floats or by a finishing machine. After the concrete has been properly
placed, vibrated, and roughly leveled, it shall be screeded off to the
proper elevation. Coarse aggregate shall be tamped below the
surface. After screeding and tamping of coarse aggregate, the surface
shall be made uniform by means of a bull float. After floating, the
surface shall be tested for uniformity by use of a straightedge.
Variations from desired finished elevations shall not exceed 1/4 inch in
ten feet. Use of neat cement to absorb excessive surface water is
prohibited.

"Single Steel Troweled Finish" shall consist of a float finish followed
by steel troweling. Steel troweling shall be performed after the
surface moisture has disappeared. Concrete surfaces shall be steel
troweled to a smooth, even finish, free from trow el marks.

"Double Steel Troweled Finish" shall consist of a single steel troweled
finish with additional troweling to produce a smoother and harder or
denser finish. Time shall be allowed to elapse between trowelings so
that the concrete will set further. Final troweling shall result in a
burnished appearance.

"Broomed Finish" shall be performed after the "Float Finish" by
drawing a natural bristle broom across the surface to produce
corrugations of regular appearance not over 1/16 inch deep. The
fibers shall be kept clean by frequent washings and cake on the fibers
shall not be allowed to score the surface.

Protection and Curing

6.26.1.

Protection and curing shall be accomplished by preventing loss of
moisture, rapid temperature change, mechanical injury, or damage
from rain, frost or flowing water. Curing shall be started after placing
and finishing as soon as the surface conditions are suitable. Curing of
formed surfaces shall be accomplished by moist curing with forms in
place for the full curing period, or, if forms are removed prior to the
end of the curing period, by one of the following methods, or
combinations thereof.

The minimum curing periods for concrete placed hereunder, except as
noted in ACI 306, shall be:
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Curing Temperature Curing Period
50°F - 70°F 7 days
70°F - 100°F 5 days

a. Protective Wet Curing

The protective medium for wet curing shall consist of saturated
cotton mats or a double layer of burlap, of sufficient size to
cover the entire concrete surface and side forms. The mats or
burlap shall be kept continuously wet during use. After finishing
operations and prior to start of protective wet curing, the
concrete surface shall be kept wet with adequate fog spraying
equipment. During any change in curing medium, the concrete
shall remain exposed for not more than one hour.

b. Moist Curing

Unformed surfaces shall be covered with burlap, cotton or other
approved fabric mats kept in contact with the surface, or with
sand, and shall be kept continually wet. Where formed surfaces
are cured in the forms, the forms shall be kept continually wet.

If the forms are removed before the end of the curing period,
curing shall be continued as on unformed surfaces, using
suitable materials. Burlap shall be in two layers.

c. Waterproof-Paper Curing

Surfaces shall be covered with waterproof paper with 4 inches
of overlap at sides and ends and sealed with mastic or pressure-
sensitive tape not less than 1-1/2 inches in width. The paper
shall be weighted to prevent displacement, and tears or holes
appearing during the curing period shall be immediately repaired
by patching.

d. Membrane Curing

Pressure spray tinted curing compounds shall be of the type
previously specified. The compound shall be applied according
to the manufacturer's directions immediately after finishing
operations are completed and forms removed. The quantity
applied shall be sufficient to ensure the formation of a
continuous unbroken film.

The curing compound shall cover the entire area of the exposed
surface, and shall be applied in two separate applications, each
of which shall be an even sweeping motion of the nozzle with
sufficient overlap to ensure uniform and complete coverage.
The second application shall follow five to thirty minutes after
the first and shall be so directed as to cross and recross the
sweep of the first application.
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Curing compound shall not be used or permitted on surfaces
where future bonding, concrete hardener, or painting is
indicated. Such surfaces shall be cured by the moist process as
specified previously.

After final application of the compound, surfaces shall be
protected from traffic and other damage to the membrane for a
period of curing as specified herein.

The use of any membrane material which will impart a slippery
surface to the concrete or alter its natural color shall not be
permitted. The compound, however, shall contain a dye of color
strength sufficient to render the film distinctly visible on the
concrete surface for a period of at least four hours after
application and shall be of such character that it will harden
within thirty (30) minutes.

If concrete surfaces which are to receive curing compound-are
expected to be exposed to freezing temperatures within five (5)
days, the membrane curing compound shall not be used.

‘ e. Polyethylene Sheeting and Polyethylene-Coated Waterproof
Paper and Burlap

Surfaces shall be completely covered. Where a single sheet
does not cover the entire surface, additional sheets shall be
used. The ends and sides shall be lapped not less than four (4)
inches and sealed with pressure-sensitive tape

6.26.2. Protection

The Subcontractor shall be fully responsible for protecting finished
concrete work from damage, marring of finish, discoloration or other
detrimental conditions during curing and subsequent construction
operations.

After the curing periods specified, concrete shall not be allowed to
heat or cool faster than at a rate of 5°F per hour, or 20°F per twenty-
four hour period, until outside temperatures are achieved. BEther dry or
steam heat will be an acceptable means of maintaining temperature
control.

6.27. Cold Weather Requirements

Concrete shall not be placed during cold weather unless special precautions
are taken. Cold weather is defined as any period when, for more than three
‘ successive days, the mean daily temperature is, or is forecast to be, below

40° F or when any unformed concrete surface less than forty-eight (48) hours
in age is, or is forecast to be, exposed to temperatures less than 32°F. If it is
necessary to place concrete under conditions of low temperature, placement
and protection methods shall be in accordance with this Section and ACI 306.

F:\FMCALL\SPEC\BOS500T.W60




Raytheon Engineers & Project No.: _96096.XXX

Constructors

CONCRETE CONSTRUCTION Spec. No.__ B05.00T
Page 33 of 39

Concrete damaged by freezing shall be removed and replaced by and at the
expense of the Subcontractor.

6.27.1.

6.27.2.

6.27.3.

6.27.4.

6.27.5.

Concrete temperatures and curing periods shall conform to the
following charts:

a. Concrete temperature* as delivered:

Minimum Placement Dimension

Ambient Less Larger
Temperature Than 12" 12"-36"  36"-72" Than 72"
Above 30°F 60°F 55°F 50°F 45°F
30°F to O°F 65°F 50°F 55°F 50°F
Below 0°F 70°F 65°F 60°F 55°F

*Concrete temperature as delivered shall not exceed the above minimum
concrete temperatures by more than 10°F.

b. Concrete temperatures as placed and maintained for curing
period:

Minimum Placement Dimension

Less Larger
Than 12" 12"-36"  36"-72" Than 72"
Min. Concrete Temp 55°F 50°F 45°F 40°F
Min. Curing Period
(Days) 7 7 6 5
Max. Temp. of Concrete 80°F 75°F 70°F 65°F
Surface or Form During
Curing Period

Temperatures of forms, reinforcing, embedments or earth to be in
contact with fresh concrete shall be at least 35°F but shall not
exceed 60°F.

Enclosures shall be windproof, weatherproof and provide for the
circulation of air in contact with concrete surfaces or forms.

Heating units shall be located so as not to heat or dry the concrete
locally. Heaters shall be vented, if necessary, so that the concrete is
not exposed to carbon dioxide. Open type or oil pot salamanders shall
not be used.

Blanket or batt insulation shall be protected by a tough moisture proof
cover from wind, rain or snow which will impair its insulating
properties. Such insulation shall be lapped and kept in close contact
with the concrete or formed surfaces.
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6.27.6. Records of outside temperatures, weather conditions and concrete or
form temperatures shall be maintained for the placements.
Temperatures should be secured at several locations within
enclosures, on the concrete or formed surfaces, and at corners and
edges of forms or concrete to indicate the range of temperatures.
Temperature data shall be submitted to the Contractor.

6.28. Nommal and Hot Weather Requirements
6.28.1. For normal and hot weather concreting, when the requirements for
cold weather concreting are not applicable, concreting shall be subject
to the following.

6.28.2. Concrete temperatures as delivered shall be within the limits below.

Minimum Placement Dimension
Less than 48" 48" or Larger
Maximum Concrete Temp. 80°F 70°F
Minimum Concrete Temp. 60°F 50°F

6.28.3. When air temperatures are expected to exceed 90°F during placing,
finishing and the first twenty four (24) hours after finishing or when
the rate of evaporation as determined by Figure 2.1.5 (ACI 305) is
expected to exceed 0.2 Ibs/ft>/hr. during placing and finishing,
precautionary measures shall be put into effect by the Subcontractor
to prevent damage to concrete due to hot weather. Every effort shall
be made to minimize the time of delivery, placing, consolidation and
finishing. When the air temperature is expected to exceed 90°F within
forty-eight hours after placement, all surfaces shall be protected from
direct sunlight for a minimum period of forty-eight hours. If it is
necessary to place concrete during hot weather conditions, placement
and protection methods shall be in accordance with this Section and
ACI 305.

6.29. Attachment of Bolts or Dowels to Hardened Concrete

6.29.1. Holes drilled in hardened concrete for epoxy grouting of anchor bolts,
reinforcing bars and dowels shall be drilled with a rotary impact drill to
a diameter 1/8 inch greater than the item to be installed in the hole.
The hole shall be cleaned with water to remove concrete dust and
then dried. Do not use compressed air to dry the hole unless it is oil-
free air. The hole shall be clean and dry prior to introduction of the
epoxy.
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6.29.2. Reinforcing bars, dowels and anchors bolts, which are to be epoxy
grouted, shall be sandblasted to white metal and shall be clean, dry
and at temperatures specified by the epoxy manufacturer.

6.30. Clean-Up

Following completion of the work covered by the contract and this
Specification for any structure or portion thereof, the Subcontractor is required
to clean-up the area for subsequent construction or equipment installation. The
clean-up work shall consist of, but not be limited to, removal of construction
equipment and materials used in the work, forms, unused materials, and
spilled concrete. The clean-up work and disposal of trash and debris shall be
as directed and approved by the Contractor.

g M TESTING AND INSPECTION

7.1. Subgrade Density

The subgrade density of undisturbed soil or the compaction of fill material will
be tested by others retained by the Contractor using an approved method as
directed by the Contractor.

7.2. Concrete Strength Testing

7.2.1. During the course of construction, tests shall be made by others
retained by the Contractor to determine whether the concrete, as
being produced and delivered, complies with the standards of quality
specified. The sampling and testing of concrete shall be in accordance
with Specification for Sampling, Testing and Construction Control of
Concrete, Earthwork and Structural Steel, B08.01T.

a. The Subcontractor is not relieved of the responsibility of proper
placing and curing even though test reports indicate adequate
strengths.

b. The Subcontractor shall provide such access and assistance as
these personnel may require in obtaining their samples, and shall
not place any concrete rejected by them for any reason.

c. For concrete containing fly ash, the fly ash shall be tested every
30 days minimum or as specified in ASTM C 311.

7.2.2. Enforcement of Strength Requirements

a. Definition of Failure

(1) Cast Specimens
The test specimens cast in the field will be considered
to have failed the strength requirements when, for any
class of concrete, the average of any set of three
consecutive strength test results are not equal to the
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)

specified strength or any individual test result falls
below the specified strength by more than 500 psi.

Cored Specimens

The concrete represented by cored specimens will be
considered to have failed the strength requirements
when the average strength of the cores falls below 85
percent of the specified strength or the strength of any
single core specimen falls below 75 percent of the
specified strength.

b. Failure of Test Specimens

When test specimens, made, cured, and tested fail as above
defined, the Contractor may request one or more of the
following actions be taken:

(1

(2)

@)

(4)

Additional Wet Curing
The Subcontractor shall wet cure the structure in
accordance with a plan approved by the Contractor.

Testing of Cored Specimens

The Contractor will specify the location where each
core specimen shall be secured. At least three cores
shall be taken from each portion of the structure for
which cast test specimens have failed.

Specimens will be secured, prepared and tested in
accordance with ASTM C 42 and ACI 301. Cored
specimens shall be tested no later than 60 days after
the concrete was placed unless otherwise authorized by
the Contractor.

Where cored specimens fail as defined in Section
7.2.2.a(2), the Subcontractor shall strengthen or
replace the structure in accordance with a plan
approved by the Contractor.

Reinforcing the Structure

The Subcontractor shall strengthen the deficient
portions of the structure in accordance with a plan
approved by the Contractor.

Replacement

The Subcontractor shall replace the deficient portions
of the structure in accordance with a plan approved by
the Contractor.
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7.3.

7.4.

(5) Test Loading
The Subcontractor shall conduct a test loading of the
structure according to Chapter 20, ACI 318 in an area,
or areas, designated by the Contractor.

Slump Tests

7.3.1.

7.3.2.

Slump tests will be made in accordance with ASTM C 143.

Slump tests will be made from samples taken in accordance with
ASTM C 172.

Tests for Entrained Air

The entrained air content of fresh concrete shall be determined in
accordance with ASTM C 231.

Inspection

7.4.1.

7.4.2.

7.4.3.

7.4.4.

The Subcontractor shall allow the Contractor a minimum of eight
working hours notice prior to anticipated start of placement of
concrete for inspection. The work to be performed in the presence of,
with the knowledge of, or inspected by the Contractor or person
delegated by him to approve the work, consists of, but is not limited
to the following: Subgrade conditions; formwork location, dimensions,
adequacy and support; reinforcement sizes, location, tieing, support,
splicing and cleanliness; embedded items location, dimensions and
support; the condition and adequacy of all placement equipment
including pumps, chutes, vibrators, and provision of cold or hot
weather equipment or materials required; and the provisions for work
platforms, barricades and safety provisions.

Materials supplied and work performed under this Specification may,
at the Contractor's option, be inspected in the shop and, or batch
plant and will be inspected in the field. The Subcontractor shall
provide facilities for shop or batch plant inspection, if requested by the
Contractor, at no additional cost to the Contractor. Inspection of
material does not in any way relieve the Subcontractor of
responsibility for the quality and accuracy of the material.

Material or work not meeting the requirements specified herein will be
rejected and shall be replaced at the Subcontractor's expense.

The Subcontractor shall be responsible for all errors in detailing and
fabrication.
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HANDLING AND STORAGE

8.1.

Reinforcement

8.1.1. Packaging

Bars shall be bundled and tagged in accordance with the Manual of
Standard Practice, latest revision thereof, as published by the Concrete
Reinforcing Steel Institute.

8.1.2. Storing

Reinforcing steel shall be handled and stored in a manner to avoid
distortion, excessive rusting, and objectionable coatings of paint, oil,
grease, dried mud, dried mortar or other materials. Bars shall be stored
so that each may be identified after bundies are broken.

8.2. Embedded Items
Embedded items shall be handled and stored in a manner to avoid distortion,
excessive rusting, and objectionable coatings of paint, oil, grease, dried mud,
dried mortar or other materials. Anchor bolt threads shall be protected from
rusting or burring.

8.3. Accessories
Accessories shall be stored in a manner to avoid distortion and objectionable
coatings. Expansion joint material shall not be crushed or broken. Waterstop
material shall not be crushed, distorted or punctured. All materials shall be
stored in a manner to prevent it being lost or misplaced.

DOCUMENTATION

9.1. Concrete Placement Clearance
The "Concrete Placement Clearance" form will be provided by the Contractor.
This form must be completed and submitted to the Contractor prior to
concrete placement.

9.2. Material Specifications

9.2.1. The Subcontractor shall provide the Contractor with a copy of the
manufacturer's specifications for all materials purchased by the
Subcontractor and used in the work, such as but not limited to; form
ties, expansion joint material, waterstops, sealants, curing compounds,
concrete additives, embedded items, concrete protective coatings, and
any manufactured items used in the work.

9.2.2. The Subcontractor shall provide confirmation specifications or mill
reports for steel reinforcement, fibrous reinforcement, and fabricated
embedded items.

9.2.3. Submittal of documentation shall be in accordance with the Contract
to which this Specification is attached.
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9.3. Concrete Mix Design

9.3.1. Prior to placing concrete, the Subcontractor shall submit to the
Contractor the concrete materials and the concrete mix designs
proposed for use with a written request for acceptance. This
submittal shall include the results of all testing performed to qualify
the materials and to establish the mix designs in accordance with ACI
301,-Paragraph-3-8 Section 4. The data submitted shall also include |
certification that all material proposed for use in the concrete meets
the specified requirements and all test results, or manufacturer's
certification and/or analyses which are the basis of this certification.
No concrete shall be placed in the work until the Subcontractor has
received such acceptance in writing.

9.3.2. The Subcontractor shall submit printed recommendations from the
manufacturer of fibrous concrete reinforcement. The
recommendations shall state the length of fiber which shall be used
and the quantity of fiber to be added per cubic yard for each class of
concrete specified herein.

9.4. Fabricated Item Shop Details
’ 9.4.1. Reinforcing Steel

Prior to fabrication or shipment of reinforcing and accessories, the
Subcontractor shall submit, and receive approval of, shop drawings.
Shop drawings shall indicate bending diagrams, assembly diagrams,
splicing and lapping of rods, shapes, dimensions and details of bar
reinforcing and accessories. Drawings shall show all openings and
penetrations that pass through concrete construction. The approval of
drawings will be for conformance to the design intent and will not
relieve the Subcontractor of responsibility for errors, omissions or the
accuracy of his own dimensions. Drawings and details shall conform to
ACl 315 and ACI 318.

9.4.2. Embedded Items

Prior to fabrication or shipment of embedded items, the Subcontractor
shall submit, and receive approval of, shop drawings. The drawings will
show all material specifications, cuts, anchorage devices, welds and
finish in accordance with the engineering Drawings and the American
Institute of Steel Construction Code of Standard Practice. The approval
of drawings will be for conformance to the design intent and will not
relieve the Subcontractor of responsibility for errors, omissions, or the
accuracy of dimensions.
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(801) 521-9255 FAX: (801) 521-0380

November 3, 1994

FMC Corporation

Box 1411

Pocatello, ID 83202

Attention: Mr. Buck Nowell

Report

Geotechnical Investigation

N2 and Hollow Electrode Plants
FMC Plant

Pocatello, Idaho

Job No. 01003-166-162

INTROD N

This report presents the results of our geotechnical investigation for the proposed N2 and Hollow

Electrode Plants to be constructed at FMC’s Pocatello, Idaho Plant. The site location with respect to

major topographic features and existing facilities is presented on Plate 1, Vicinity Map. A detailed layout

of the site showing the approximate location of exploratory borings drilled in conjunction with this

investigation is shown on Plate 2, Plot Plan.

PURPOSE AND SCOPE OF STUDY

The scope of this investigation was outlined in our proposal, dated September 13, 1994. In general, the

purpose of the investigation was to evaluate soil conditions at the site, assess the suitability for

construction, and provide appropriate foundation and earthwork recommendations to be utilized in the

design and construction of proposed facilities. In accomplishing this purpose the following services were

performed.

1)

2)

3)

Drilling and sampling of three borings, two at the N2 Plant site and one at the proposed
silo site extending to a maximum depth of 43.0 feet below the existing surface grade.

Performing laboratory tests to aid in the determination of appropriate design parameters.
Initiating an office program that included the evaluation of available data, performing

engineering analyses, and preparation of this final report that includes the items listed on
the following page.

OFFICES WORLDWIDE




FMC
November 3, 1994
Page -2-

=% DAMES & MOORE

A Vicinity Map and Plot Plan showing the investigation site and the location of
exploratory borings.

Logs of exploratory borings.
A summary of laboratory test data.
A description of surface and subsurface conditions encountered.

Foundation recommendations including foundation types, allowable bearing
capacities, installation criteria with frost depth, and total and differential
settlement estimates.

Earthwork and site preparation recommendations including excavation
requirements, fill placement criteria, compaction criteria, and suitability of
onsite/excavated material for backfill.

Earth pressure and lateral resistance, i.e. passive pressure coefficients for
foundation elements and frictional coefficients for concrete footings bearing on
soil. The anticipated modulus of subgrade reaction for mat foundation design

(pei).

Discussions of site specific soil conditions which may impact proposed
construction including seismic setting (with site coefficient) and corrosion and
resistivity recommendations.

Pile foundation recommendations including pile length and size, allowable axial
capacities, lateral load capacities for 1/4 inch deflection, estimated modulus of
subgrade reaction (pci), allowable lateral loads (psf), pile installation criteria, and
recommend pile spacing to minimize reduction for group capacity.

ROPOSED CONSTR ION

Proposed construction for the N2 Plant will include a 12.5 ft diameter x 78 ft long (515 kips) horizontal
storage tanks, various skid mounted equipment, and a 13 ft x 13 ft x 129 ft high (275 kip) Cold Box.
Settlement must be limited to 1/2 inch at a depth of 2.5 feet below finished grade. Strip, isolated spread,

and mat foundations are anticipated for equipment support.
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The Hollow Electrode Plant will contain a 200 ton silo structure supported on a four leg braced structure
with stair tower and a 60 ft long pipe access bridge attached to the west side of the existing furnace

building. Support is expected to consist of driven piles connected with tie beams and pile cap.
FIELD AND LABORATORY INVESTIGATIONS

Subsurface soil conditions at proposed facilities were explored by drilling three borings to depths ranging
from 21.0 to 43.0 feet below the present surface grade. Borings were drilled with truck-mounted hollow

stem auger drilling equipment. Investigation locations are presented on Plate 2, Plot Plan.

The field program was conducted and supervised by an engineer from our staff who maintained a
continuous log of the subsurface conditions encountered. Relatively undisturbed soil samples were
obtained using a Dames & Moore Type-U sampler (Plate 3). The soil was classified in the field
according to the Unified Soil Classification System (Plate 4) and later was re-examined in the laboratory
to confirm field classifications. Graphical representations of subsurface conditions encountered are

presented on Plate 5, Log of Borings.

LABORATORY TESTING
GENERAL

A laboratory testing program was conducted on selected samples to provide data for our engineering
analyses. The program included moisture and density tests, Atterberg limits tests, unconfined
compressive strength tests, mechanical gradation analyses, a direct shear test, consolidation tests, collapse

consolidation tests, and chemical tests. The following paragraphs summarize the test results.
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MOI RE AND DENSITY T

Moisture and density tests were performed on relatively undisturbed soil samples to aid in determining
the strength and volume change characteristics of site soils. The results of these tests are presented to

the left of the graphical boring logs on Plate 5.

ATTERBERG LIMITS TESTS

Atterberg limit tests were performed on selected samples to aid in soil classification and to provide index

parameters for correlation. Test results are presented below.

L

Boring Number | Sample Depth (ft) | Liquid Limit | Plasticity Index | USCS Classification

B-1 10.0-10.5 NP NP
B-2 15.0-15.5 NP NP

UNCONFINED COMPRESSIVE STRENGTH TESTS

Unconfined compressive strength tests were performed on selected soil samples to evaluate the undrained

shear strength of site soils. Test results are presented in the following table.

Boring Sample Depth | Unconfined Compressive USCS
Number (ft) Strength (psf) Classification

15.0-15.5
= 35.0-35.5 630 ML |
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MECHANICAL GRADATION ANALYSES

Mechanical gradation analyses were performed on a selected soil from boring B-3 obtained from a depth
of 40.0 feet to assist in soil classification. Test results indicate that the sample contained 8 percent sand,

92 percent silty fines, and was classified as silt (ML).

CONSOLIDATION TESTS

One consolidation test was performed on a relatively undisturbed sample obtained from boring B-1 to
provide data necessary for consolidation settlement analyses. The results of the consolidation test are

presented in the following table.

Sample Virgin Recompression Overconsolidation
Depth (ft) | Compression Index | Index (strain basis) Ratio
(strain basis)

5.0-5.5 .084 .008 >5

DIRE HEAR TEST

A direct shear test (consolidated drained) was performed on soil sample obtained from boring B-3 at a
depth of 5.0 feet to obtain strength parameters necessary for pile design. Test results indicate the sample

had an effective stress friction angle of 32 degrees and a cohesion value of 0.0 psf.

COLLAPSE CONSOLIDATION TESTS

Collapse consolidation tests were performed on selected samples to evaluate the percent of soil collapse

resulting from breakdown of soil bonds upon saturation. Sample saturation was effected at a pressure
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of 2000 psf. Test results are presented in the following table.

=% DAMES & MOORE

Boring Number | Sample Depth (ft) Initial Dry Initial Moisture | Percent Collapse
Density (pcf) Content (%)
B-2 15.0-15.5 82.8 11.6 1.3%
B-3 10.0-10.5 85.2 11.2 1.2%
CHEMICAL TESTS

Resistivity and sulfate tests were performed on near-surface soil samples from boring B-2 to evaluate
whether site soils will react detrimentally with steel or concrete. Tests results indicate that the sample
obtained from a depth of 5.0 feet had a minimum resistivity value of 4.49 x 10° ohm-cm and a soluble

sulfate (SO,) content of 156 ppm.
ITE CONDITION

The N2 Plant is located on a relatively flat parcel of land. Generally, the surface of the site is covered
by a moderately thick (up to 4 feet) veneer of fine to coarse slag fill. Surface conditions are similar at

the silo site (Hollow Electrode), however, the site slopes gently downward towards the north.

Below the fill veneer very stiff to stiff, sandy, silt was generally encountered in all borings to the depth
investigated. The silt was occasionally interbedded with silty fine sand deposits and occasional silty clay
lenses. In boring B-3 a deposit of medium dense silty sand was encountered from 41 to 43 feet. Dense

silty gravel was encountered at 43 feet and the boring was terminated at that depth.

Groundwater was not encountered in any of the borings.
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DISCUSSIONS AND RECOMMENDATIONS
GENERAL

Supporting data upon which the following recommendations are based have been presented in the previous
sections of this report. The recommendations presented herein are governed by the physical properties
of soils encountered in the exploratory borings and the anticipated design data discussed in the
PROPOSED CONSTRUCTION section. If subsurface conditions other than those described herein are
encountered in conjunction with construction, and/or if design and layout changes are initiated, Dames
& Moore must be informed so that our recommendations can be reviewed and revised as changes or

conditions may require.
FOUNDATION RECOMMENDATIONS

SPREAD AND CONTINUOQUS FOOTING SUPPORT

Results of our analyses indicate that conventional §hallow spread, isolated mats, and/or continuous wall
footings established upon suitable stiff to very stiff silt deposits or upon properly compacted structural
fill extending to suitable silt deposits may be used to support anticipated structures. Shallow spread or
continuous wall footings with a minimum dimension of 1.5 feet may be proportioned using an allowable

net bearing pressure of 2,000 psf for dead load plus real load conditions.

The term "net bearing pressure” refers to the pressure imposed by the portion of the structure located
above the lowest adjacent grade. Therefore, the weight of the footing and backfill above the lowest
adjacent grade may be neglected. For total load conditions, i.e. the combination of all dead loads,
infrequently applied live loads, wind, and seismic loads, the recommended bearing pressure may be

increased by 33 percent.




=% DAMES & MOORE

FMC
November 3, 1994
Page -8-

Site soils are somewhat moisture sensitive and subject to minor collapse upon saturation. Although the
percentage of collapse is on the order of 1.2%, this could account for potential settlement of 3 to 4 inches
if the entire silt deposit were to become saturated. Saturation of the entire silt profile is unlikely,
however, settlement in excess of one inch would not be unrealistic if portions of the deposit were to
become saturated. Mitigation measures presented in the MOISTURE CONTROL
RECOMMENDATIONS section of this report should be followed to minimize potential excessive

settlement due to soil collapse.

INSTALLATION

All foundations exposed to the full effects of frost should be established at a minimum depth of 3.0 feet

below the lowest adjacent final grade. Interior footings, that are not subjected to the full effects of frost
may be established at higher elevations, however, a2 minimum depth of embedment of 18 inches is
recommended for confinement purposes. The minimum recommended footing width is 18 inches for

continuous wall footings and 24 inches for isolated spread footings.

Under no circumstances should foundations be established upon non-engineered site fill, loose or
disturbed natural site soils or disturbed granular structural fill, sod, rubbish, construction debris, frozen
soil, or within standing water. If unsuitable materials are encountered at footing elevations, these
materials should be totally removed and replaced with compacted granular structural fill or lean concrete.
Prior to placement of footings, granular structural fill or lean concrete, exposed natural soils should be
scarified to a depth of 8 inches and recompacted to 95 percent of the maximum dry density as determined

by ASTM D-1557.

If footings are established on structural fill, the width of granular structural fill at the bottom of footing

excavations should be equal to the width of the footing plus one lateral foot for each foot of fill thickness

below the footing. For example, if the footing is three feet wide and the fill is three feet deep, then the
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total width of granular structural fill at the bottom of the excavation should be six feet. The width of
granular structural fill at the base of the footing will be dependex_n on the slope of the excavation walls.
As a minimum, granular structural fill should extend at least 6 inches beyond the base of the footing in
all directions. All granular structural fill should be placed in lifts not exceeding 8 inches in loose
thickness and compacted to a minimum of 95 percent of the maximum dry density as determined by the

ASTM! D-1557 (AASHTO? T-180) method of compaction.
FOOTING SETTLEMENT

Settlement of footings designed in accordance with the above recommendations will be dependent upon
the loads applied and on the footing depth and width. Foundations designed and installed in accordance
with the above recommendations and supporting maximum loads as described in the PROPOSED
CONSTRUCTION section are expected to experience settlements indicated in the table on the following

page.

In order to estimate tank settlement it is assumed that the tanks will be supported on 2 cradles established
on isolated spread footings or on a continuous mat footing. For two cradles, footings are expected to be
on the order of 11.5 feet square and supporting loads of 257 kips. For a continuous mat foundation,

loads on the order of 600 psf are anticipated for a 12.5 x 78 ft mat.

For the Cold Box structure a 13 square foot foundation supporting a load of 275 kips (approximately
1700 psf) was utilized in the analysis. Consolidation settlement rather than immediate settlement was
utilized in all analyses. Potential collapse settlement resulting from soil saturation was not included in

the settlement amounts shown.

1 American Society of Testing and Materials
2 American Association of State Highway and Transportation Officials
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FOOTINGS ON SUITABLE STIFF TO VERY STIFF SILT
Footing Size (ft) Allowable Load (psf) Total Load on Footing | Estimated Maximum
(kips) Settlement (inches)

1.5 Wall 2000 2.0 kips/If 0.2-0.4
4.0 x 4.0 Spread 2000 32 kips 0.3-0.5
11.5 x 11.5 Spread 2000 264 kips 0.45-0.6
*12.5 x 78 Mat 600 (anticipated load) | 515 kips 0.3-0.4
(Tank)
13.0 x 13.0 Spread 1700 (anticipated load) | 275 kips 0.5-0.6
(Cold Box)

Ditterential settlements are expected to be less than 1/2 of the indicated total settlement.

‘ *[f cradles established on isolated spread foundations are utilized for tank support, we recommend that

net allowable bearing pressures be limited to 1500 psf to limit estimated settlement to less than 1/2 inch.

Alternatively, the upper 2 to 3 feet of natural silt soils underlying foundations could be removed and
replaced with relatively incompressible granular structural fill. Limiting net bearing pressures to 1500
psf or replacing the upper 2 to 3 feet of natural soil below the foundation with structural fill is also
recommended for the Cold Box in order to maintain settlements to less than 1/2 inch. Pile foundations

should also be considered to eliminate potential settlement from soil collapse.

EARTHWORK

SITE PREPARATION

Preparation of the site for construction should include the removal of all debris, rubble, existing non-
engineered fill material, and other deleterious material from areas that will ultimately be structurally
loaded. Well graded slag fill, that meets the gradation requirements as noted in the table on page 12 for

‘ granular structural fill, may be utilized as granular structural fill provided the slag is relatively free of
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deleterious material. Subsequent to the removal of deleterious material and prior to placement of
structural fill, pavement, or foundations, the subgrade should be proof rolled by passing moderately
loaded, rubber tire-mounted, construction equipment over the surface at least twice. If soft or loose soils
are identified, such material should be removed and replaced with granular structural fill. Prior to
placement of structural fill, lean concrete, pavement or foundations, the subgrade should be scarified to
a depth of 8 inches and recompacted to a minimum of 95% of the maximum dry density as determined
by ASTM D-1557.

In those areas where soils underlying areas to be structurally loaded have been disturbed, they should be
scarified and recompacted to structural fill standards prior to the placement of structural fill or
foundations. Compaction of disturbed soils should be as recommended for structural fill in later sections

of this report.
FILL MATERIAL

Structural fill is defined as all soils placed that will be subjected to structural loads such as imposed by
footings, floor slabs, or pavements. Gradation requirements for non-frost susceptible structural fill are

presented below:

GRADATION
SIEVE SIZE PERCENT PASSING
1.5 inch 100
3/4 inch 60-90
No. 4 35-60
No. 40 10-25
No. 200 0-5

Non-frost susceptible structural fill is pervious, contains little or no fines and is well graded to develop
stability from grain-to-grain contact. ~Compaction requirements are as presented in the FILL
PLACEMENT AND COMPACTION section of this report. Due to the noncohesive nature of the
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material, non-frost susceptible structural fill may be difficult to handle and compact unless confined. If
utilized, non-frost susceptible structural fill must have the same load bearing capacity as granular

structural fill.

Granular structural fill is defined as fill material that is imported onto the site from an approved fill
source or granular site soils that meet the requirements for granular structural fill.  Gradation

requirements are presented below:

GRADATION GRADATION
SIEVE SIZE PERCENT PASSING TOLERANCE
1.0 inch 100 0
1/2 inch 85 +6
No. 4 55 +6
No. 16 31 +4
No. 200 9 +2

The fines content (less than 200 sieve) should have a liquid limit not greater than 25 percent and a
plasticity index not greater than 6 percent. Well graded slag fill that meets the gradation presented above
may be utilized as granular structural fill. Compaction requirements are as presented in the FILL

PLACEMENT AND COMPACTION section of this report.

Nonstructural site grading fill is defined as fill material not designated as structural fill and may consist
of any cohesive or granular material free of significant amounts of deleterious substances. Nonstructural
site grading fill may be placed in lifts not exceeding 12 inches in loose thickness and compacted by

passing construction, spreading, or hauling equipment over the surface a minimum of two times.

FILL PLACEMENT AND COMPACTION

All non-frost susceptible structural fill and granular structural fill should be placed in lifts not exceeding

8 inches in loose thickness and compacted to a minimum of 95 percent of the maximum dry density as
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determined by the ASTM D-1557 (AASHTO T-180) method of compaction. Granular structural fill
should extend at least six inches beyond the edges of slabs or pavement in all directions for each foot of

fill below slabs or pavement.

MOISTURE CONTROL RECOMMENDATIONS

To minimize potential additional settlement of structures due to soil collapse, the following moisture

control measures should be followed:

o Installation of rain gutters and downspouts to collect and route precipitation from building
areas. Collected water should be discharged away and down-gradient from all structures.

25 Properly design pavement and parking areas that will channel water away from, and
down-gradient of all structures, and that will not allow water to pond on the site.

5 Pavement, concrete, or impervious geomembranes should be installed around critical
structures and extend out from the walls a minimum of 15 feet and slope away from the
structure.

4. In areas where infiltration could be anticipated, such as process or piping areas,

impervious membranes should be installed to collect potential leakage and prevent
infiltration into underlying soils.

EXCAVATION RECOMMENDATIONS

Temporary construction excavations up to 4 feet in depth in stiff silty soils may be constructed with near-
vertical side-slopes. Temporary excavations through slag fill may experience significant ravelling
problems and the top of excavations should be benched back. Deeper excavations in natural silty soils,
on the order of 8 feet in depth, should be constructed with side-slopes no steeper than one horizontal to
one vertical (1H:1V). Excavations deeper than 8 feet are not anticipated. If soils adjacent to excavations
become wet or saturated, flatter slopes may be required to maintain stability. All excavations should be

frequently observed by qualified personnel to evaluate stability.
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EAR R RE AND LATERAL RESISTANCE

Lateral forces imposed upon foundations due to wind or seismic forces may be resisted by the

development of passive earth pressures and friction between the base of the footing and the supporting

soils. In determining the frictional resistance, a coefficient of friction of 0.35 for suitable stiff to very

stiff silty soils or 0.45 for suitable slag fill or granular structural fill against concrete should be used.

Passive resistance provided by suitable site soils may be considered equivalent to a fluid having a density

of 300 pounds per cubic foot. Passive resistance provided by properly compacted granular structural fill

may be considered equivalent to a fluid having a density of 450 pounds per cubic foot. A combination

of passive earth resistance and friction may be utilized provided the total is divided by 1.5.

It is assumed that mat foundations associated with anticipated structures will be established on stiff to very
stiff silty soils. Based on empirical correlations with soil type (Bowles, 1988, “Yoder and Witczak,

1975) a modulus of subgrade reaction of 100 - 120 pci is recommended for mat design.

EISMI NSIDERATIONS

The site is located within a “Zone 3" area as defined by the seismic risk map of the United States in the
Uniform Building Code (UBC) 1991 Edition. As a minimum, the criteria stated in the 1991 edition of
the UBC for Zone 3 seismic areas should be incorporated into the design of the proposed facility.
Additionally, a site coefficient (S Factor) of 1.0, as defined by the UBC Table No. 23-J, is recommended

for design purposes.

3Bowles, J.E., 1988, Foundation Analysis and Design; McGraw-Hill, pg. 409
‘Yoder, E.J., 1975, Principles of Pavement Design; John Wiley & Sons, Inc., pg. 237
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RESISTIVITY AND CORROSION PROTECTION

Resistivity and sulfate tests were performed on near-surface soil samples from boring B-2 to evaluate
whether site soils will react detrimentally with steel or concrete. Tests results indicate that the sample
obtained from a depth of 5.0 feet had a minimum resistivity value of 4.49 x 10° ohm-cm. This value is
indicative of a "corrosive” (*Chaker, 1979) environment and mitigation measures such as cathodic
protection, coatings, or increasing the thickness of below-grade metal to allow for wastage are

recommended for any below-grade steel portions of proposed structures.

Sulfate test results indicate that sample had a soluble sulfate (SO,) content of 156 ppm. Based on these
results the relative degree of sulfate attack would be considered "negligible" and Type I cement is

satisfactory for concrete foundation elements in contact with natural site soils.

PILE FOUNDATIONS

It is anticipated that steel driven piles will be utilized for support of the silo structure. Due to anticipated
loads, we recommend that all pile tips be established within the dense silty gravel encountered at
approximately 43 feet below the current surface grade. A minimum depth of embedment of 5.0 feet into

the silty gravel is recommended.

Downward and uplift capacities were analyzed for 12 and 14 inch diameter (3/8 inch wall thickness) steel,
closed-end, pipe piles. The resulting ultimate capacities are presented on Plates 6A and 6B. No safety
factors are included in these capacities. A minimum safety factor of 2.5 is recommended for pile design

under real load conditions. For total loads, a minimum safety factor of 2.0 is recommended. No

SChaker, Victor - "Simplified Method for the Electrical Soil Resistivity Measurement", ASTM STP 741,
Nov. 1979, pp. 61.




=% DAMES & MOORE

FMC
November 3, 1994
Page -16-

reduction for group efficiency will be required, provided piles are spaced a minimum of three pile

diameters center-to-center. The working stresses in the piles themselves should not be exceeded.

Ultimate uplift capacities for closed-end steel pipe piles may be determined using the skin friction
capacities presented on Plates 6A and 6B. A minimum safety of 2.5 is recommended. The weight of

the pile should be added to the frictional capacity to determine the total uplift capacity.

LATERAL CAPACITIES

Lateral capacities for both 12 and 14 inch diameter (3/8 thick walls) pipe piles, were determined
considering a "fixed" pile head condition. This condition is appropriate since piles will be connected with
tie beams and a concrete cap. Lateral capacities were calculated using "LPILE1", a computer program
by Lymon C. Reese that determines the response of laterally loaded piles in nonlinear soil. "LPILEL"
models soil behavior with p-y curves. See the Appendix for input parameters and program output. Pile
head deflections for various ultimate lateral loads are presented in the following table. No safety factors

are applied. A 100 kip axial load was assumed for each pile.

PILE LATERAL LOAD (KIPS) AND RESULTANT DEFLECTION (INCHES)
DIAMETER

12 INCH 6 kips for 9 kips for 12 kips for 15 kips for 18 kips for
0.09 inches 0.14 inches 0.181 inches 0.233 inches 0.293 inches

14 INCH 8 kips for 12 kips for 16 kips for 20 kips for 24 kips for
0.107 inches 0.16 inches 0.213 inches 0.274 inches | 0.345 inches

Using Raytheon’s criteria that pile head deflections must be limited to 0.25 inches, lateral loads for 12

inch diameter pipe piles should be limited to less than 15 kips and lateral loads for 14 inch diameter pipe

piles should be limited to 17 Kips or less.
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For additional analyses of laterally loaded piles, allowable lateral soil pressures of 100 to 125 psf/ft of
depth below natural grade (as recommended in UBC, 1991 edition, Table No. 29-B) may be utilized.
The coefficient of lateral subgrade reaction (tons/ft") may determined utilizing the following formula as

presented in NAVFAC DM-7.2:

K, = fz/D where: f= coefficient of variation of lateral subgrade reaction (tons/ft’)
f= 10 to 15 tons/ft® for silty site soils

z= depth (feet)

D= width/diameter of loaded area (feet)
INSTALLATION
To develop desired capacities, while maintaining an extra margin of driving capacity, piles should be
driven using a hammer with a rated energy on the order of 35,000 foot-pounds per blow. In order to

monitor pile capacities we recommend completing a wave equation analysis to establish pile driving

criteria, or performing pile load tests.

CONSTRUCTION OBSERVATIONS AND APPROVALS

All aspects of foundation excavations and pile installation should be observed by Dames & Moore to
verify projected site conditions. Any variation from projected conditions should be immediately reported
50 that recommendations may be revised if necessary. Also, all aspects of foundation construction should
be monitored to document that installation and construction has been performed in accordance with

recommendations presented herein.

000
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The following Plates are attached and complete this report:

Plate 1 - Vicinity Map

Plate 2 - Plot Plan

Plate 3 - Soil Sampler Type-U

Plate 4 - Unified Soil Classification System
Plate 5 - Logs of Borings

Plates 6A and 6B - Ultimate Pile Capacities

Appendix - LPILE] input parameters and program output

Respectfully Submitted,

DAMES & MOORE, INC.

John F. Wallace, P.E.

Manager, Engineering and Design Services
Professional Engineer No. 5988

State of Idaho
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* PROGRAM LPILE1l "
» (C) COPYRIGHT 1986 ENSOFT, INC. *
* ALL RIGHTS RESERVED *
T —————— ——— —-— — - ————— *
* *
. PREPARED ESPECIALLY FOR 5
* *
ol DAMES & MOORE AT SALT LAKE CITY *
i 250 E. BROADWAY SUITE 200 *
* SALT LAKE CITY, UTAH *
* *
* LICENSE NO. 158 *
* *
'ﬁ*i*'**ﬁ***'t***'*t*itt*t**k**'*'***t*ﬁ*****t‘t**t'w't
PROGRAM LPILE1l
(C) COPYRIGHT 1985 ENSOFT, INC.
ALL RIGHTS RESERVED
FMC SILO PILES, - 12 inch steel pipe pile, 3/8 wall thickness, fixed head
UNITS--ENGLISH UNITS
INPUT INFORMATION
*******t*ﬁ'ﬁt*****t*'*t*"****t**'k
THE LOADING IS STATIC
PILE GEOMETRY AND PROPERTIES
PILE LENGTH - 576.00 IN
2 POINTS
X DIAMETER MOMENT OF AREA MODULUS OF
INERTIA ELASTICITY
IN IN IN**4 IN#®*2 LBS/IN**2
.00 12.000 .279D+03 .146D+02 .290D+08
576.00 12.000 .279D+03 .146D+02 .290D+08

SOILS INFORMATION

X AT THE GROUND SURFACE = .00 IN
4 LAYER(S) OF SOIL

LAYER 1

THE SOIL IS A SAND

X AT THE TOP OF THE LAYER

X AT THE BOTTOM OF THE LAYER
MODULUS OF SUBGRADE REACTION

.00 IN
360.00 IN
.250D+02 LBS/IN**3




LAYER 2

THE SOIL IS A SAND

X AT THE TOP OF THE LAYER

X AT THE BOTTOM OF THE LAYER
MODULUS OF SUBGRADE REACTION

360.00 IN
480.00 IN
.600D+02 LBS/IN**3

LAYER 3

THE SOIL IS A SAND

X AT THE TOP OF THE LAYER = 480.00 IN
X AT THE BOTTOM OF THE LAYER = 516.00 IN

MODULUS OF SUBGRADE REACTION .900D+02 LBS/IN**3
LAYER 4

THE SOIL IS A SAND

X AT THE TOP OF THE LAYER

X AT THE BOTTOM OF THE LAYER
MODULUS OF SUBGRADE REACTION

516.00 IN
660.00 IN
.150D+03 LBS/IN**3

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH

6 POINTS
X,IN WEIGHT,LBS/IN**3
.00 .60D-01
480.00 .60D-01
480.00 .66D-01
516.00 .66D-01
516.00 .72D-01
660.00 .72D-01
DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH
6 POINTS
X,IN C,LBS/IN**2 PHI,DEGREES ESO0
.00 .000D+00 .300D+02 ===—-—
480.00 .000D+00 .300D+02 W @ ==——-
480.00 .000D+00 .330D+02 ==——-
516.00 .000D+00 «330D#02 W =ewee—
516.00 .000D+00 +350D+02 W =mme—
660.00 .000D+00 .350D+02 @ @ ===—-

BOUNDARY AND LOADING CONDITIONS

LOADING NUMBER 1

2
.600D+04 LBS
.000D+00 IN/IN
.100D+06 LBS

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

LOADING NUMBER 2

2
.900D+04 LBS
.000D+00 IN/IN
.100D+06 LBS

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

nwun




LOADING NUMBER 3

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

LOADING NUMBER B

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

LOADING NUMBER 5

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

FINITE-DIFFERENCE PARAMETERS
NUMBER OF PILE INCREMENTS
DEFLECTION TOLERANCE ON DETERMINATION OF CLOSURE

2

.120D+05 LBS
.000D+00 IN/IN
.100D+06 LBS

2

.150D+05 LBS
.000D+00 IN/IN
.100D+06 LBS

2

.180D+05 LBS
.000D+00 IN/IN
.100D+06 LBS

MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS =

MAXIMUM ALLOWABLE DEFLECTION

OUTPUT CODES
KOUTPT = 1
KPYOP = 1
INC = 1

OUTPUT INFORMATION

*ﬁ****ﬁﬁ**t*ﬁ*****i*'**i*********

LOADING NUMBER 1

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD

AXIAL LOAD AT THE PILE HEAD

X DEFLECTION MOMENT SHEAR SOIL
REACTION
IN IN LBS-IN LBS LBS/IN

KA RIE AXXAXAXIAARE KA AX KA K RN Ak Ak RAKAKAKX Kk kkkkrrx *

.00 .901D-01 ~-.284D+06 .600D+04 .000D+00

12.00 .876D-01 =-.212D+06 .584D+04 -.263D+02
24.00 .813D-01 ~-.143D+06 .539D+04 -.488D+02
36.00 .724D-01 -.809D+05 .471D+04 ~-.652D+02
48.00 .621D-01 -.280D+05 .387D+04 ~-.746D+02
60.00 .514D-01 .141D+05 .296D+04 =-.770D+02
72.00 .408D-01 .452D+05 .206D+04 -.735D+02
84.00 .311D-01 .655D+05 .122D+04 -.653D+02

2

.600D+04 LBS
.000D+00 IN/IN
.100D+06 LBS

TOTAL
STRESS
LBS/IN**2
* % %k ok k ko k K
.130D+05
.114D+05
.992D+04
.859D+04
.745D+04
.715D+04
.782D+04
.826D+04

48
.100D-05 IN

100
.12D+03 IN

FLEXURAL
RIGIDITY
LBS-IN**2
L2222 2 2 2 2 2
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10




96.00 .225D-01 .764D+05 .508D+03 ~-.541D+02 .849D+04 .809D+10
108.00 .154D-01 .793D+05 -.654D+02 ~-.415D+02 .855D+04 .809D+10
120.00 .957D-02 .761D+05 =-.486D+03 -.287D+02 .849D+04 .809D+10
132.00 .514D-02 .687D+05 -.760D+03 =-.170D+02 .833D+04 .809D+10
144.00 .193D-02 .586D+05 =-.904D+03 -.694D+01 .811D+04 .809D+10
156.00 =-.238D-03 .475D+05 ~-.940D+03 .926D+00 .787D+04 .809D+10
168.00 =-.156D-02 .364D+05 =-.895D+03 .654D+01 .763D+04 .809D+10
180.00 =-.223D-02 .262D+05 =-.795D+03 .100D+02 .741D+04 .809D+10
192.00 =-.243D-02 .174D+05 -.665D+03 .117D+02 .722D+04 .809D+10
204.00 =-.233D-02 .103D+05 =-.524D+03 .119D+02 .707D+04 .809D+10
216.00 =-.204D-02 .481D+04 ~-.387D+03 .110D+02 .695D+04 .809D+10
228.00 =-.167D-02 .928D+03 -.264D+03 .949D+01 .687D+04 .809D+10
240.00 -.127D-02 -.159D+04 -.161D+03 .765D+01 .688D+04 .809D+10
252.00 =-.912D-03 =-.301D+04 -.804D+02 .575D+01 .691D+04 .809D+10
264.00 -.604D-03 -.359D+04 ~-.220D+02 .398D+01 .693D+04 .809D+10
276.00 =-.359D-03 -.359D+04 .168D+02 .248D+01 .693D+04 .809D+10
288.00 =-.178D-03 ~-.323D+04 .393D+02 .128D+01 .692D+04 .809D+10
300.00 -.540D-04 -.268D+04 .494D+02 .405D+00 .691D+04 .809D+10
312.00 .220D-04 ~-.206D+04 .508D+02 ~-.172D+00 .689D+04 .809D+10
324.00 .614D-04 -.147D+04 .468D+02 ~-.497D+00 .688D+04 .809D+10
336.00 .746D-04 -.944D+03 .400D+02 =-.626D+00 .687D+04 .809D+10
348.00 .709D-04 -.509D+03 .326D+02 -.617D+00 .686D+04 .809D+10
360.00 .583D-04 -.161D+03 .231D+02 =-.959D+00 .685D+04 .809D+10
372.00 .428D-04 .491D+02 .130D+02 =-.734D+00 .685D+04 .809D+10
384.00 .281D-04 .153D+03 .553D+01 =-.503D+00 .685D+04 .809D+10
396.00 .162D-04 .185D+03 .709D+00 =-.301D+00 .685D+04 .809D+10
408.00 .755D-05 .172D+03 -.198D+01 =-.146D+00 .685D+04 .809D+10
420.00 .198D-05 .139p+03 -.309D+01 -.398D-01 .685D+04 .809D+10
432.00 =-.112D-05 .990D+02 =-.319D+01 .232D-01 .685D+04 .809D+10
444.00 -.246D-05 .625D+02 =-.273D+01 .528D-01 .685D+04 .809D+10
456.00 -.268D-05 .335D+02 =-.206D+01 .596D-01 .685D+04 .809D+10
468.00 -.231D-05 .131D+02 -.138D+01 .530D-01 .685D+04 .809D+10
480.00 =-.171D-05 .213D+00 =-.797D+00 .448D-01 .685D+04 .809D+10
492.00 -.110D-05 =-.619D+01 =-.348D+00 .301D-01 .685D+04 .809D+10
504.00 =-.608D-06 =-.825D+01 =-.640D-01 .172D-01 .685D+04 .809D+10
516.00 -.258D-06 ~-.781D+01 .103D+00 .105D-01 .685D+04 .809D+10
528.00 =-.477D-07 -.584D+01 .178D+00 .204D-02 .685D+04 .809D+10
540.00 .587D-07 =-.357D+01 .175D+00 =-.261D-02 .685D+04 .809D+10
552.00 .102D-06 =-.166D+01 .131D+00 ~-.471D-02 .685D+04 .809D+10
564.00 .115D-06 =-.433D+00 .694D-01 -.553D-02 .685D+04 .809D+10
576.00 .121D-06 .000D+00 .000D+00 ~-.603D-02 .685D+04 .809D+10
OUTPUT VERIFICATION

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = .239D-08 IN-LBS

THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = -.140D-09 LBS
OUTPUT SUMMARY

PILE-HEAD DEFLECTION .901D-01 IN

MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE

NO. OF ITERATIONS

NO. OF ZERO DEFLECTION POINTS

LOADING NUMBER

2

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD

SLOPE AT THE PILE

HEAD

AXIAL LOAD AT THE PILE HEAD

-.284D+06 LBS-IN
.600D+04 LBS
3
4

2
.900D+04 LBS
.000D+00 IN/IN
.100D+06 LBS

wounonn




X DEFLECTION

IN

IN

KRk AR KRNk AR KRN

.00
12.00
24.00
36.00
48.00
60.00
72.00
84.00
96.00

108.00
120.00
132.00
144.00
156.00
168.00
180.00
192.00
204.00
216.00
228.00
240.00
252.00
264.00
276.00
288.00
300.00
312.00
324.00
336.00
348.00
360.00
372.00
384.00
396.00
408.00
420.00
432.00
444.00
456.00
468.00
480.00
492.00
504.00
516.00
528.00
540.00
552.00
564.00
576.00

.135D+00
.131D+00
.122D+00
.109D+00
.932D-01
.770D-01
.612D-01
.467D-01
.338Dp-01
.230D-01
.144D-01
.770D-02
.289D-02
.356D-03
.234D-02
.334D-02
.365D-02
.349D-02
.306D-02
.250D-02
.191D-02
.137D-02
.905D-03
.538D~-03
.266D-03
.810D-04
.331D-04
.920D-04
.112D-03
.106D-03
.874D=04
.641D-04
.422D-04
.243D-04
.113p-04
.298D-05
-.168D-05
-.368D-05
-.402D-05
-.347D-05
-.257D-05
-.166D-05
-.911D-06
-.387D-06
-.716D-07

.881D-07

.153D-06

.173D-06

.181D-06

OUTPUT VERIFICATION

THE MAXIMUM MOMENT IMBALANCE FOR ANY
THE MAX. LATERAL FORCE IMBALANCE FOR

MOMENT SHEAR SOIL TOTAL  FLEXURAL
REACTION STRESS  RIGIDITY

LBS-IN LBS LBS/IN  LBS/IN**2 LBS-IN**2
22 22 222 R R R R BB 81 2222222 22 R 22222222 R R 2220
-.426D+06  .900D+04  .000D+00  .160D+05  .809D+10
-.318D+06 .876D+04 =-.394D+02  .137D+05  .809D+10
-.214D+06  .809D+04 =-.731D+02  .115D+05  .809D+10
-.121D+06 .706D+04 =-.978D+02  .946D+04  .809D+10
-.420D+05  .581D+04 =-.112D+03  .775D+04  .809D+10
.212D+05  .444D+04 -.116D+03  .731D+04  .809D+10
.678D+05  .309D+04 =-.110D+03  .831D+04  .809D+10
.983D+05  .184D+04 =-.980D+02  .896D+04  .809D+10
.115D+06  .762D+03 =-.812D+02  .931D+04  .809D+10
.119D+06 ~-.982D+02 =-.622D+02  .941D+04  .809D+10
.114D+06 =-.730D+03 =-.431D+02  .930D+04  .809D+10
.103D+06 ~-.114D+04 =-.254D+02  .906D+04  .809D+10
.880D+05 ~-.136D+04 =-.104D+02  .874D+04  .809D+10
.713D+05 ~-.141D+04  .139D+01  .838D+04  .809D+10
.546D+05 ~-.134D+04  .981D+01  .802D+04  .809D+10
.393D+05 ~-.119D+04  .150D+02  .770D+04  .809D+10
.261D+05 =-.998D+03  .175D+02  .741D+04  .809D+10
.154D+05 =-.786D+03  .178D+02  .718D+04  .809D+10
.722D+04 ~-.580D+03  .165D+02  .700D+04  .809D+10
.139p+04 ~-.395D+03  .142D+02  .688D+04  .809D+10
-.239D+04 -.241D+03  .115D+02  .690D+04  .809D+10
-.451D+04 =-.121D+03  .862D+01  .695D+04  .809D+10
-.538D+04 ~-.330D+02 .598D+01  .697D+04  .809D+10
-.538D+04  .251D+02  .371D+01  .697D+04  .809D+10
-.484D+04  .589D+02  .192D+01  .695D+04  .809D+10
-.401D+04  .741D+02  .607D+00  .694D+04  .809D+10
-.309D+04  .762D+02 =-.258D+00  .692D+04  .809D+10
-.220D+04  .702D+02 ~-.746D+00  .690D+04  .809D+10
-.142D+04  .601D+02 =-.939D+00  .688D+04  .809D+10
-.763D+03  .489D+02 -.926D+00  .687D+04  .809D+10
-.241D+03  .347D+02 ~-.144D+01  .685D+04  .809D+10
.737D+02  .194D+02 =-.110D+01  .685D+04  .809D+10
.230D+03  .830D+01 -.755D+00 .685D+04  .809D+10
.277D+03  .106D+01 =-.452D+00  .686D+04  .809D+10
.258D+03 =-.296D+01 =-.219D+00  .685D+04  .809D+10
.208D+03 -.464D+01 =-.597D-01  .685D+04  .809D+10
.148D+03 -.479D+01  .348D-01  .685D+04  .809D+10
.938D+02 -.410D+01  .792D-01  .685D+04  .809D+10
.503D+02 -.309D+01  .894D-01  .685D+04  .809D+10
.196D+02 -.208D+01 .796D-01  .685D+04  .809D+10
.320D+00 =-.120D+01  .672D-01  .685D+04  .809D+10
-.928D+01 -.522D+00  .451D-01  .685D+04  .809D+10
-.124D+02 -.960D-01  .258D-01  .685D+04  .809D+10
-.117D+02  .154D+00  .158D-01  .685D+04  .809D+10
-.876D+01  .267D+00  .305D-02  .685D+04  .809D+10
-.535D+01  .262D+00 =-.392D-02  .685D+04  .809D+10
-.249D+01 .196D+00 -.706D-02  .685D+04  .809D+10
-.650D+00  .104D+00 =-.830D-02  .685D+04  .809D+10
.000D+00  .000D+00 =-.904D-02  .685D+04  .809D+10

ELEMENT =  .726D-08 IN-LBS

ANY ELEMENT

= =-.407D-09 LBS




OUTPUT SUMMARY

.135D+00 1IN
-.426D+06 LBS~-IN
.900D+04 LBS

. PILE-HEAD DEFLECTION
MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE

NO. OF ITERATIONS -

NO. OF ZERO DEFLECTION POINTS =

LOADING NUMBER 3

BOUNDARY CONDITION CODE = 2

LATERAL LOAD AT THE PILE HEAD = .120D+05 LBS

SLOPE AT THE PILE HEAD = .000D+00 IN/IN

AXIAL LOAD AT THE PILE HEAD = .100D+06 LBS

X DEFLECTION MOMENT SHEAR SOIL TOTAL FLEXURAL
REACTION STRESS RIGIDITY

IN IN LBS-IN LBS LBS/IN LBS/IN**2 LBS-IN**2

Kk AAANEAIRERT AT ARRIN Kk rhhkekrx kA hhhh Fhhkkwkkhhk Rkkrrkrrrk

.00 .181D+00 -.569D+06 .120D+05 .000D+00 .191D+05 .809D+10

12.00 .176D+00 ~-.424D+06 .117D+05 =-.527D+02 .160D+05 .809D+10

24.00 .163D+00 =-.287D+06 .108D+05 =-.978D+02 .130D+05 .809D+10

| 36.00 .145D+00 ~-.162D+06 .941D+04 ~-.131D+03 .103D+05 .809D+10
| 48.00 .125D+00 -.569D+05 .775D+04 -.145D+03 .807D+04 .809D+10
| 60.00 .103D+00 .278D+05 .595D+04 -.155D+03 .745D+04 .809D+10
| 72.00 .820D-01 .903D+05 .414D+04 -.148D+03 .879D+04 .809D+10

84.00 .625D-01 .131D+06 .247D+04 -.131D+03 .967D+04 .809D+10
96.00 .453D-01 .153D+06 .103D+04 -.109D+03 .101D+05 .809D+10
108.00 .309D-01 .159D+06 =-.125D+03 ~-.833D+02 .103D+05 .809D+10

120.00 .192D-01 .153D+06 =.972D+03 =-.577D+02 .101D+05 .809D+10
132.00 .103D-01 .138D+06 ~-.152D+04 -.341D+02 .981D+04 .809D+10
144.00 .389D-02 .118D+06 =-.181D+04 ~-.140D+02 .938D+04 .809D+10
156.00 =-.458D-03 .954D+05 -.189D+04 .179D+01 .890D+04 .809D+10
168.00 =-.311D-02 .732D+05 ~-.180D+04 .131D+02 .842D+04 .809D+10
180.00 =-.447D-02 .527D+05 -.160D+04 .201D+02 .798D+04 .809D+10
192.00 =-.488D-02 .350D+05 ~-.134D+04 .234D+02 .760D+04 .809D+10
204.00 -.467D-02 .207D+05 ~-.105D+04 .238D+02 .729D+04 .809D+10
216.00 -.409D-02 .970D+04 ~-.777D+03 .221D+02 .706D+04 .809D+10
228.00 ~-.334D-02 .189D+04 ~-.530D+03 .191D+02 .689D+04 .809D+10
240.00 -.256D-02 =-.317D+04 -.323D+03 .154D+02 .692D+04 .809D+10
252.00 -.183D-02 -.602D+04 ~-.162D+03 .115D+02 .698D+04 .809D+10
264.00 -.121D-02 =-.719D+04 ~-.446D+02 .801D+01 .700D+04 .809D+10
276.00 =-.721D-03 -.720D+04 .333D+02 .498D+01 .700D+04 .809D+10
288.00 -.358D-03 -.648D+04 .787D+02 .258D+01 .699D+04 .809D+10
300.00 =-.109D-03 =-.537D+04 .990D+02 .819D+00 .696D+04 .809D+10
312.00 .437D-04 -.414D+04 .102D+03 -.341D+00 .694D+04 .809D+10
324.00 .123Dp-03 -.295D+04 .939p+02 ~-.995D+00 .691D+04 .809D+10
336.00 .149D-03 -.190D+04 .804D+02 ~-.126D+01 .689D+04 .809D+10
348.00 .142D-03 -.102D+04 .654D+02 ~-.124D+01 .687D+04 .809D+10
360.00 .117D-03 ~-.325D+03 .464D+02 -.192D+01 .686D+04 .809D+10
372.00 .859D-04 .974D+02 .261D+02 ~-.147D+01 .685D+04 .809D+10
384.00 .565D-04 .307D+03 .111D+02 =-.101D+01 .686D+04 .809D+10
396.00 .325D-04 .370D+03 .145D+01 ~-.606D+00 .686D+04 .809D+10
408.00 .152D-04 .346D+03 -.395D+01 -.294D+00 .686D+04 .809D+10
420.00 .401D-05 .278D+03 -.619D+01 ~-.804D-01 .686D+04 .809D+10
432.00 =-.222D-05 .199D+03 .640D+01 .462D-01 .685D+04 .809D+10
. 444.00 -.492D-05 .126D+03 .549D+01 .106D+00 .685D+04 .809D+10
‘ 456.00 -.538D-05 .674D+02 .414D+01 .120D+00 .685D+04 .809D+10

468.00 -.464D-05 .263D+02 .278D+01 .106D+00 .685D+04 .809D+10




264.
276.
288.
300.
312.
324.
336.
348.
360.
372.
384.
396.
.00
420.
432.
444.
456.
468.
480.
492.
504.
516.
528.
540.
552.
564.
576.

408

00
00
00
00
00
00
00
(o]0
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

-.158D-02
-.943D-03
-.470D-03
-.147D-03
.524D-04
.156D-03
.192D-03
.183D-03
.151D-03
.111D-03
.733D-04
.424D-04
.199D-04
.538D-05
-.274D-05
-.629D-05
-.692D-05
-.599D-05
-.444D-05
-.288D-05
-.159D-05
-.680D-06
-.131D-06
.149D-06
.263D-06
.300D-06
.316D-06

-.925D+04
-.929D+04
-.838D+04
-.696D+04
-.537D+04
-.384D+04
-.247D+04
-.134D+04
-.433D+03
.117D+03
.391D+03
.476D+03
.446D+03
.360D+03
.258D+03
.163D+03
.880D+02
.347D+02
.109D+01
-.157D+02
-.212D+02
-.202D+02
-.152D+02
-.928D+01
-.434D+01
-.113D+01
.000D+00

OUTPUT VERIFICATION

THE MAXIMUM MOMENT IMBALANCE FOR ANY
THE MAX. LATERAL FORCE IMBALANCE FOR

OUTPUT SUMMARY

PILE-HEAD DEFLECTION
MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE
NO. OF ITERATIONS

NO. OF ZERO DEFLECTION POINTS

LOADING NUMBER

5

BOUNDARY CONDITION CODE
LATERAL LOAD AT THE PILE HEAD
SLOPE AT THE PILE HEAD
AXIAL LOAD AT THE PILE HEAD

X DEFLECTION

IN

IN

e ok e ok e e ok ok ok kR e ok

12.00
24.00
36.00

00

.293D+00
.285D+00
.265D+00
.237D+00

-.607D+02
.410D+02
.100D+03
.127D+03
.131D+03
.121D+03
.104D+03
.849D+02
.604D+02
.340D+02
.147D+02
.206D+01

-.498D+01

-.794D+01

-.824D+01

-.709D+01

-.536D+01

-.361D+01

-.209D+01

-.918D+00

-.178D+00
.259D+00
.459D+00
.453D+00
.340D+00
.181D+00
.000D+00

MOMENT SHEAR
LBS-IN LBS
'S e AR R R R SRR SRS S
-.888D+06  .180D+05
-.671D+06  .176D+05
-.463D+06  .164D+05
-.273D+06  .146D+05

.104D+02
.651D+01
.339D+01
.110D+01
-.409D+00
.127D+01
.161D+01
.160D+01
.249D+01
.191D+01
.131D+01
.789D+00
.385D+00
-.108D+00
.570D-01
.135D+00
.154D+00
.137D+00
.116D+00
.784D-01
.450D-01
.278D-01
.557D-02
-.661D-02
-.122D-01
-.144D-01
-.158D-01

ELEMENT

ANY ELEMENT

.705D+04
.705D+04
.703D+04
.700D+04
.696D+04
.693D+04
.690D+04
.688D+04
.686D+04
.685D+04
.686D+04
.686D+04
.686D+04
.686D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04

.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10

-.296D-08 IN-LBS
= .249D-09 LBS

.233D+00 IN
-.722D+06 LBS-IN
.150D+05 LBS
10
4
= 2
=  .180D+05 LBS
=  .000D+00 IN/IN
=  .100D+06 LBS
SOIL TOTAL
REACTION STRESS
LBS/IN LBS/IN**2
Jeode % o ok e ok kK T2 2 22 2 2 & & & 4
.000D+00  .259D+05
-.686D+02  .213D+05
-.130D+03  .168D+05
-.166D+03  .127D+05

FLEXURAL
RIGIDITY
LBS-IN**2

s % ek W ko ok ke ke

.809D+10
.809D+10
.809D+10
.809D+10




480.00 =-.343D-05 .492D+00 =-.160D+01 .899D-01 .685D+04 .809D+10
492.00 =-.222D-05 =-.124D+02 -.700D+00 .605D-01 .685D+04 .809D+10
504.00 =-.122D-05 =-.165D+02 ~-.130D+00 .346D-01 .685D+04 .809D+10
516.00 =-.519D-06 ~-.157D+02 .205D+00 .212D-01 .685D+04 .809D+10
528.00 =-.966D-07 =-.117D+02 .357D+00 .412D-02 .685D+04 .809D+10
540.00 .117D-06 -.716D+01 .351D+00 -.522D-02 .685D+04 .809D+10
552.00 .204D-06 =-.334D+01 .263D+00 =-.944D-02 .685D+04 .809D+10
564.00 .231D-06 -.871D+00 .139p+00 =-.111D-01 .685D+04 .809D+10
576.00 .243D-06 .000D+00 .000D+00 =-.121D-01 .685D+04 .809D+10
OUTPUT VERIFICATION
THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = .153D-08 IN-LBS

THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT =

OUTPUT SUMMARY

PILE-HEAD DEFLECTION
MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE
NO. OF ITERATIONS

NO. OF ZERO DEFLECTION POINTS

LOADING NUMBER

4

BOUNDARY CONDITION CODE

LATERAL LOAD AT THE PILE HEAD

SLOPE AT THE PILE HEAD
AXIAL LOAD AT THE PILE HEAD

X DEFLECTION

IN IN

KAXAKKAE Rk xkxx
.00 .233D+00
12.00 .227D+00
24.00 .210D+00
36.00 .188D+00
48.00 .161D+00
60.00 .134D+00
72.00 .106D+00
84.00 .812D-01
96.00 .590D-01
108.00 .402D-01
120.00 .252D-01
132.00 .136D-01
144.00 .522D-02
156.00 =-.461D-03
168.00 =-.394D-02
180.00 =-.572D-02
192.00 =-.628D-02
204.00 -.603D-02
216.00 =-.529D-02
228.00 -.433D-02
240.00 =-.332D-02
252.00 =-.238D-02

MOMENT

LBS-IN

.181D+00 IN
-.569D+06 LBS—-IN
.120D+05 LBS

2
4

= 2

=  .150D+05 LBS

= .000D+00 IN/IN

=  .100D+06 LBS
SHEAR SOIL TOTAL

REACTION STRESS

LBS LBS/IN LBS/IN**2-

KhkkrrRhkrhr KhRAAARKkK dkkkhkdhhk KhKdk kKRN

-.722D+06
-.541D+06
-.369D+06
-.213D+06
-.784D+05
.322D+05
.114D+06
.168D+06
.197D+06
.205D+06
.197D+06
.178D+06
.153D+06
.124D+06
.951D+05
.686D+05
.457D+05
.271D+05
.128D+05
.266D+04
-.395D+04
-.769D+04

.150D+05 .000D+00 .224D+05
.146D+05 ~-.633D+02 .185D+05
.135D+05 =-.120D+03 .148D+05
.119p+05 =.151D+03 .114D+05
.999D+04 ~-.168D+03 .853D+04
.778D+04 ~-.200D+03 .754D+04
.543D+04 -.192D+03 .930D+04
.325D+04 -.171D+03 .105D+05
.138D+04 =-.142D+03 .111D+05
.119p+03 -.109D+03 .113D+05
.122D+04 ~-.755D+02 .111D+05
.195D+04 ~-.449D+02 .107D+05
.233D+04 -.188D+02 .101D+05
.243D+04 .180D+01 .951D+04
.232D+04 .165D+02 .889D+04
.207D+04 .257D+02 .832D+04

.173D+04 .301D+02 .783D+04
.137D+04 .307D+02 .743D+04
.101D+04 .286D+02 .713D+04
.691D+03 .247D+02 .691D+04

.423D+03 .199D+02 .693D+04
.213D+03 .150D+02 .701D+04

.791D-10 LBS

FLEXURAL
RIGIDITY
LBS-IN**2
‘S22 3222 2. 8 24
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10




264.00 =-.158D-02 ~-.925D+04 -.607D+02 .104D+02 .705D+04 .809D+10
276.00 =-.943D-03 -.929D+04 .410D+02 .651D+01 .705D+04 .809D+10
288.00 =-.470D-03 -.838D+04 .100D+03 .339D+01 .703D+04 .809D+10
300.00 =-.147D-03 -.696D+04 .127D+03 .110D+01 .700D+04 .809D+10
312.00 .524D-04 =-.537D+04 .131D+03 -.409D+00 .696D+04 .809D+10
324.00 .156D-03 ~-.384D+04 .121D+03 -.127D+01 .693D+04 .809D+10
336.00 .192D-03 =-.247D+04 .104D+03 .161D+01 .690D+04 .809D+10

348.00 .183p-03 -.134D+04 .849p+02 -.160D+01 .688D+04 .809D+10
360.00 .151D-03 =-.433D+03 .604D+02 =-.249D+01 .686D+04 .809D+10
372.00 .111D-03 .117D+03 .340D+02 =-.191D+01 .685D+04 .809D+10
384.00 .733D-04 .391D+03 .147D+02 =-.131D+01 .686D+04 .809D+10
396.00 .424D-04 .476D+03 .206D+01 ~-.789D+00 .686D+04 .809D+10
408.00 .199D-04 .446D+03 ~-.498D+01 ~-.385D+00 .686D+04 .809D+10
420.00 .538D-05 .360D+03 =-.794D+01 -.108D+00 .686D+04 .809D+10
432.00 =-.274D-05 .258D+03 -.824D+01 .570D-01 .685D+04 .809D+10
444.00 -.629D-05 .163D+03 -.709D+01 .135D+00 .685D+04 .809D+10
456.00 -.692D-05 .880D+02 -.536D+01 .154D+00 .685D+04 .809D+10
468.00 -.599D-05 .347D+02 =-.361D+01 .137D+00 .685D+04 .809D+10
480.00 =-.444D-05 .109D+01 -.209D+01 .116D+00 .685D+04 .809D+10
492.00 -.288D-05 -.157D+02 ~-.918D+00 .784D-01 .685D+04 .809D+10
504.00 =-.159D-05 =-.212D+02 -.178D+00 .450D-01 .685D+04 .809D+10
516.00 -.680D-06 ~-.202D+02 .259D+00 .278D-01 .685D+04 .809D+10
528.00 =-.131D-06 =-.152D+02 .459D+00 .557D-02 .685D+04 .809D+10

540.00 .149D-06 =-.928D+01 .453D+00 -.661D-02 .685D+04 .809D+10
552.00 .263D-06 =-.434D+01 .340D+00 =-.122D-01 .685D+04 .809D+10
564.00 .300D-06 =-.113D+01 .181D+00 =-.144D-01 .685D+04 .809D+10
576.00 .316D-06 .000D+00 .000D+00 =-.158D-01 .685D+04 .809D+10

OUTPUT VERIFICATION

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = -.296D-08 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = .249D-09 LBS

OUTPUT SUMMARY

.233D+00 IN
-.722D+06 LBS-IN
.150D+05 LBS

PILE-HEAD DEFLECTION
MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE

NO. OF ITERATIONS 10

NO. OF 2ZERO DEFLECTION POINTS =

LOADING NUMBER 5

BOUNDARY CONDITION CODE = 2

LATERAL LOAD AT THE PILE HEAD = .180D+05 LBS

SLOPE AT THE PILE HEAD = .000D+00 IN/IN

AXIAL LOAD AT THE PILE HEAD = .100D+06 LBS

X DEFLECTION MOMENT SHEAR SOIL TOTAL FLEXURAL
REACTION STRESS RIGIDITY

IN IN LBS-IN LBS LBS/IN LBS/IN**2 LBS-IN**2

deh Rk kAo R R kR Tk Nk KK Rk PR T LR 2R 2 SRR R R At e e % Je e o de e e de e ok Y ok de e ok R

.00 .293D+00 -.888D+06 .180D+05 .000D+00 .259D+05 .809D+10
12.00 .285D+00 =-.671D+06 .176D+05 ~-.686D+02 .213D+05 .809D+10
24.00 .265D+00 -.463D+06 .164D+05 ~-.130D+03 .168D+05 .809D+10
36.00 .237D+00 =-.273D+06 .146D+05 ~-.166D+03 .127D+05 .809D+10




48.00

60.00

72.00

84.00

96.00
108.00
120.00
132.00
144.00
156.00
168.00
180.00
192.00
204.00
216.00
228.00
240.00
252.00
264.00
276.00
288.00
300.00
312.00
324.00
336.00
348.00
360.00
372.00
384.00
396.00
408.00
420.00
432.00
444.00
456.00
468.00
480.00
4592.00
504.00
516.00
528.00
540.00
552.00
564.00
576.00

.204D+00
.169D+00
.135D+00
.103D+00
.753D-01
.515D-01
.324D-01
.177D-01
.695D-02
.319p-03
.479D-02
.711D-02
.787D=-02
.759D-02
-.669D-02
.549D-02
.422D-02
.304D-02
.202D-02
.121D-02
.610D-03
-.198D-03
.581D-04
.192D-03
.240D-03
.231D-03
.191D-03
.141D-03
.932D-04
.542D-04
.257D-04
.719D-05
-.321D-05
-.779D-05
-.867D-05
-.755D-05
-.562D-05
-.365D-05
-.203D-05
-.875D-06
-.176D-06
.182D-06
.330D-06
.380D-06
.404D-06

-.106D+06
.331D+05
.138D+06
.208D+06
.246D+06
.257D+06
.249D+06
.225D+06
.193D+06
.157D+06
.121D+06
.876D+05
.586D+05
.349D+05
.168D+05
.378D+04

-.470D+04

-.952D+04

-.116D+05

-.117D+05

.106D+05

.882D+04

.683D+04

.489D+04

-.316D+04

.173D+04

.573D+03

.129D+03

.483D+03

.595D+03

.561D+03

.455D+03

.327D+03

.208D+03

.113D+03

.451D+02

.229D+01

-.193D+02

-.265D+02

-.255D+02

-.192D+02

-.118D+02

-.552D+01

-.145D+01
.000D+00

OUTPUT VERIFICATION

THE MAXIMUM MOMENT IMBALANCE FOR ANY
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT

OUTPUT SUMMARY

PILE-HEAD DEFLECTION
MAXIMUM BENDING MOMENT
MAXIMUM SHEAR FORCE
NO. OF ITERATIONS

NO. OF ZERO DEFLECTION POINTS

.125D+05
.989D+04
.700D+04
.424D+04
.185D+04
-.636D+02
.148D+04
.241D+04
.291D+04
.306D+04
.293D+04
.262D+04
.220D+04
.174D+04
.129D+04
.884D+03
.544D+03
-.278D+03
-.827D+02
.474D+02
.124D+03
.159D+03
.165D+03
.153D+03
.132D+03
.108D+03
.769D+02
.436D+02
.190D+02
.299D+01
-.604D+01
-.988D+01
-.103D+02
-.894D+01
-.678D+01
-.459D+01
-.267D+01
-.119D+01
-.244D+00
.315D+00
.574D+00
.571D+00
.431D+00
.230D+00
.000D+00

-.191D+03
-.239D+03
-.243D+03
-.217D+03
-.181D+03
-.139D+03
-.971D+02
-.583D+02
-.250D+02
.124D+01
.201D+02
.320D+02
.378D+02
.387D+02
.361D+02
.313D+02
.253D+02
.191D+02
.133D+02
.836D+01
.439D+01
.148D+01
-.453D+00
-.156D+01
-.201D+01
-.201D+01
-.314D+01
-.242D+01
-.167D+01
-.101D+01
-.496D+00
-.144D+00
.667D-01
.167D+00
.193D+00
.173D+00
.147D+00
.996D-01
.575D-01
.358D-01
.751D-02
-.807D-02
-.152D-01
-.182D-01
-.201D-01

ELEMENT =

.293D+00 IN
-.888D+06 LBS-IN
.180D+05 LBS

10
4

.914D+04
.756D+04
.982D+04
.113D+05
.121D+05
.124D+05
.122D+05
.117D+05
.110D+05
.102D+05
.945D+04
.873D+04
.811D+04
.760D+04
.721D+04
.693D+04
.695D+04
.705D+04
.710D+04
.710D+04
.708D+04
.704D+04
.700D+04
.695D+04
.692D+04
.689D+04
.686D+04
.685D+04
.686D+04
.686D+04
.686D+04
.686D+04
.686D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04
.685D+04

.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10
.809D+10

-.836D-08 IN-LBS

= .616D-09 LBS



APPENDIX 4
ANCILLARY PIPING SYSTEM




FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

APPENDIX 4 ANCILLARY PIPING SYSTEM

PIPING STANDARDS & SPECIFICATIONS

FMC'’s Engineering Standard: February 22, 1990
ES-2-1-0 For Cold Phossy Water
ES-2-2-0 For Hot Phossy Water
ES-2-31-0 For Furnace Precipitator Slurry
ES-2-4-0 For Fresh Water

PP-2003 — Thermal Insulation, Rev 0

PIPING DRAWINGS

395130 Piping Plan V-4400 Wastewater Sump Discharge No. 4 Furnace. Rev 6
395135 Piping Sections & Details Wastewater Sump Discharge No. 4 Furnace, Rev 5
300789 Piping Plan V-3403 & Wastewater Line No. 3 & 4 Furnaces, Rev |

PIPING SUPPORTS

398277 Piping Misc. Standard Supports and Details, Rev 3
398278 Piping Misc. Standard Supports and Details, Rev 2

PHOSPHOROUS CHEMICAL DIVISION A-5 Aug-99
FMC CORPORATION
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To

From

Subject

Pocatello Engineering Department Standards Oate February 22, 1990
Distribution

cc
Engineering Piping Standards Committee

NEV PIPING MATERIAL STANDARDS 162,_/’
Attached are the nev Engineering Piping Standards (ES-2-0.0 through 95).

Please remove the entire Piping section in your Engineering Standards book
and insert these new standards.

The General Notes (ES-2-0.1) provzde clarification to help understand the
new material standards.

All of the plant piping material standards have been revised to comply
wvith ASME/ANSI Code B31.3 "Chemical Plant and Petroleum Refinery Piping".

The nevw standards apply to all new construction and should be applied to
repair work as appropriate.

Vork will continue on defining the fabrication, inspection and testing
upgrades. As a minimum see ES-2-0.2 through ES-2-0.4.

- Some of the main changes to the material specifications are:

0 All 1-1/2" and smaller threaded carbon steel pipe will be
Sch 80. Ve currently use only Sch 80 nipples.
o Cast iron body valves will be replaced by cast steel bodies

in most cases.
- Stores items will be changed to be consistent with the standards.-

- Since there are major changes in the standards, meetings are being
planned to give an overview and ansver questions ahout the new
standards. This will take place by the end of the Second Quarter,
1990.

If you have any questions before the overview meetings, contact one of the
Engineering Piping Standards committee members (PSGSchoen, RDPatton,
DLHorak, ETSmith, RHMiller, or AJPotzman).

nm



FMC - POCATELLO ENGINEERING STANDARb . Number: ES-2-0.0-0
Original Issue Date: 2/90

Revision Date:

"I._z

Index

General Notes

Category D - Construction Specifications
and Notes

TITLE: PIPING STANDARDS INDEX Page: 1 of 2
e Approval: (<. /<2
/
NUMBER TITLE CATEGORY

ES-2-0.3-0 General Requirements - Construction

Specifications and Notes
ES-2-0.4-0 Category M - Construction Specifications

and Notes

WATER
£5-2-1-0 Cold Phossy VWater GEN
ES-2-2-0 Hot Phossy Vater from P4 Sumps GEN
ES-2-3-0 Hot Phossy Water GEN
ES-2-4-0 Fresh Vater D
ES-2-4-0 Industrial Vaste WVater D
ES-2-5-0 Potable Vater *
ES-2-7-0 Furnace Cooling VWater, Brass Piping D
ES-2-10-0 Furnace, Calciner & P, Dock Scrubber Slurry GEN
ES-2-35-0 Safety Shower ~ D
ES-2-52-0 Boiler Feed Water GEN

LIQUID PEOSPEHORUS, CENTRIFUGE PRODUCT,
SLUDGE

ES-2-20-0 Hot Water Jacketed M
ES-2-22-0 Non-Jacketed M

SLURRY
ES-2-31-0 Purnace Precipitator Slurry GEN
ES-2-32-0 Slaked Lime Slurry GEN

GASES
ES-2-4-0 Nitrogen D
ES-2-4-0 Plant Air D
ES-2-35-0 Instrument Air D
ES-2-35-0 Breathing Air D
ES-2-36-0 CO Gas M
ES-2-39-0 Natural Gas, Medium Pressure GEN/*
ES-2-40-0 Natural Gas, Low Pressure GEN/*
ES-2-41-0 Oxygen GEN
ES-2-42-0 Inert Gas GEN

STEAM
ES-2-51-0 Steam D
ES-2-52-0 Superheated Steam GEN
ES-2-52-0 Boilerhouse Steam GEN

MISCELLANEOUS

ES-2-56-0 Fuel 0il GEN/*

* See specific standard for code.




FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-0.1-

Original Issue Date: 2/90
Revision Date:

TITLE: GENERAL NOTES - PIPING STANDARDS Page: 1 of 2

Approval: s i/

These notes are written vith the intention of giving the user some clarification

as to the abbreviations, piping grades, and other information contained within

the piping standards.

Codes such as ANSI B31.1, ANSI B31.3, NFPA S4/ANSI 2223.1,

and others have been used as a basis for development of these piping standards.
Copies of these codes are available in the Engineering Department Library and
should be consulted when the piping standards do not contain the desired

information.

- Most of the piping standards are based on ASME/ANSI B31.3 Chemical Plant
and Petroleum Refinery Piping. In this code three piping categories are

presented according to hazard.

Category D Fluid Service

General Requirements

Category M Fluid Service

- Piping is normally specified
brief description of a fev common carbon steel pipe specifications. They
are listed in order of the "higher quality" pipe first. Generally pipe
listed first may be substituted for pipe listed later.

ASTM Al06
Grade B

ASTM AS3 Type S
Grade B

ASTM AS3 Type E
Grade B

ASTM AS53 Type F

ASTM A120

- Seamless carbon steel pipe for high temperature service

Nonflammable, nontoxic, and not damaging to
the human tissues

Does not exceed 150 psig

Design temperature is betwveen -20 and +366
degrees F

General fluid, exposure to small quantities
wvill not result in serious irreversible harm

Exposure to a small quantity can produce
serious irreversible harm to persons on
breathing or bodily contact

by ASTM specifications. The folloving is a

Seamless steel pipe

Electric-resistance velded steel pipe

Furnace Butt-velded (continuous welded) steel pipe
Use only on Category D fluid service

This specification wvas discontinued in 1988 and
replaced by ASTM AS3
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FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-0.1-0 |
Original Issue Date: 2/90

x Revision Date:
TITLE: GENERAL NOTES - PIPING STANDARDS Page: Tof 2

Approval:  <m | ASkS

i

!
"\_w

- - For testing piping systems, refer to ES-2-0.2 through ES-2-0.4 or the
appropriate code. For ANSI B31.1 or ANSI B31.3, Chapter 6 "Inspection and
Examination” includes information on testing.

- The folloving are abbreviations used throughout the Pipihg Standards:

ANST - American National Standards. Institute

API - American Petroleum Institute

ASME - The American Society of Mechanical Engineers

ASNT - American Society for Nondestructive Testing

ASTM - American Society for Testing and Materials

AVWVA - American Vater WVorks Association

AVS - American Velding Society

MSS Manufacturers Standardization Society of the Valve and
Fitting Industry, Inc.

NFPA - National Fire Protection Association

SAE - Society of Automotive Engineers

B¥ - Butt weld
CI - Cast iron -
Tj CS - Carbon steel T

CWVP - Cold vater pressure -
‘ FF - Flat face (flange)

MI - Malleable iron

RF - Raised face (flange)

NPT - National pipe thread

Sch =~ Schedule :

SS - Stainless steel

SW - Socket weld

YOG - Vater, oil or gas

WSP - Vorking steam pressure




PMC - POCATELLO ENGINEERING STANDARD ' Number: ES-2-0.2-0

Original Issue Date: 2/90

CONSTRUCTION SPECIFICATIONS i Revision Date:
TITLE: ANSI/ASME B31.3 CATEGORY D FLUIDS Page: T of T —
(Non flammable, non toxic, and not damaging to human Approval: =, JVR5E

tissue. 150 psig max. -20 degF to +366 degF) 7

COMPONENTS:

FABRICATION:
AND ERECTION

TESTING:

Supplier shall certify that components comply vith the designated
grades or specifications.

Components used in fabrication shall be certified to comply with
the designated grades of specifications.

Leak testing is required per ANSI/ASME B31.3 Section 345.7.
Responsibility for leak testing shall be specified by FMC.

An initial service leak test may be performed by gradually
increasing the service fluid pressure in steps, starting at 25
psi or less, until design pressure is reached. BHold the pressure
at each step long enough to equalize strains and check for leaks.




FMC - POCATELLO ENGINEERING STANDARD ' Number: ES5-2-0.3-0

Original Issue Date: 2/90

CONSTRUCTION SPECIFICATIONS Revision Darte:
TITLE: ANSI/ASME B31.3 GENERAL REQUIREMENTS FLUIDS Page: 1 of 1
(Exposure to small quantities will not result in serious Approval: ,\<su /SIS

irreversible harm)

COMPONENTS:

FABRICATION:
AND ERECTION

TESTING:

Supplier shall certify to FMC that components comply with the
designated grades or specifications.

Components and fabrication shall be certified to comply with

the designated grades or specifications. Fabricator shall supply
current records of the velding procedures, velder performance
qualifications, and velder identification symbols. E

Leak testing is fequired per ANSI/ASME B31.3 Section 345.
Responsibility for leak testing shall be specified by FMC.

A hydrostatic leak test may be performed by gradually
increasing the vater pressure in steps, starting at 25 psig
or less, until 150% of the design pressure is reached. Hold
the pressure at each step long enough to equalize strains and
check for leaks. Piping shall be isolated from vessels and
equipment prior to testing. See ANSI/ASME B31.3 Sec 345 for
alternate testing techniques. .
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FMC - POCATELLO ENGINEERING STANDARD ' Number: ES5-2-0.4-

Original Issue Date: 2/90

CONSTRUCTION SPECIFICATION Revision Date:

TITLE: ANSI/ASME B31.3 CATEGORY M PLUIDS Page: 1T of 1

(Exposure to a small quantity can produce serious Approval: (.27773275

irreversible harm to persons upon breathing or bodily contact.) /

COMPONENTS: Supplier shall certify to FMC that components comply with the
designated grades or specifications.

FABRICATION: Components, fabrication, erection, and examination shall be

AND ERECTION certified to comply with the designated grades or specifications
as vell as the requirements of ANSI/ASME B31.3, category M.
Fabricator shall maintain and submit current records of the
velding and examination procedures, velder and examiner
performance qualifications, and welder identification symbols.

TESTING: Leak testing is required per ANSI/ASME B31.3 Section 345.

Fabricaror shall be responsible for leak testing of fabricared
components or assemblies. Responsibility for leak testing of
erected lines shall be specified by FMC.

A hydrostatic leak test may be performed by gradually increasing
the vater pressure in steps, starting at 25 psig or less, until
150X of the design pressure is reached. BHold the pressure at
each step long enough to equalize strains and check for leaks.
Piping shall be isolated from vessels and equipment prior to
testing.

Note: Hydrostatic leak test does not apply to CO lines.

See ANSI/ASME B31.3 Sec 345 for alternate testing techniques.
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FMC - POCATELLO ENGINEERING STANDARD

TITLE: COLD PHOSSY VATER

Number: ES-2-1-0
Original Issue Date: 2/90
Revision Date:

Page: 1 of 3
Approval: WS 1 [PSES

/

Applicable Codes &

Color Code:

Construction:

Piping:

Nipples:

Bushings:

Plugs:

Couplings:

Unions:

Thread Compound:

Flanges:

Flange Guards:

Gaskets:

Service and Design:

Standards:

Elbovs, Tees. etc.:

Cold Phossy Vater, Belov 100°F and 150 psig. Above ground.

ANSI B31.3 General Requirements.
Yellow

1 1/2" or belov - NPT 2" and up - Welded and
flanged. _

1 1/2" or belovw ANSI B36.10, Sch. 80, ASTM AS3 Type E or §,
Grade B.

2" and up - ANSI B36.10, Sch. 40, ASTM A53 Type E or S,
Grade B Beveled End.

1 1/2" or belov - Malleable Iron Threaded, Class 300,
ANSI B16.3
2" and up - Sch. 40, Buttweld, ANSI B16.9, ASTM A234
Grade WPB

1 1/2" or below - ANSI B36.10, Sch. 80, ASTM Al106,
Grade B NPT.

1 1/2" or below - 30004 Forged Steel, Hexagon, Screwved, ANSI
B16.11, ASTM Al1l05

1 1/2" or below - 3000% Forged Steel Square Head, Solid
Plug, ANSI B16.11, ASTM Al0S5

1 1/2" or belov - Malleable Iron Threaded, Class 300,
ANSI B16.3

1 1/2" or belov - Malleable Iron Threaded, Class
300, ANSI B16.39, Ground Joint, Bronze to Iron Seat

Rector Seal 100V Teflon paste pipe thread Compound

150% Raised Face, Forged Steel ASTM A105, ANSI B16.5. If
slip on flanges are used, they must be welded on both
sides. (NOTE: Use flat-face flanges vhen mating with

a flat-faced flanged component.)

Not normally used.

ANSI B16.21 Ring gaskets, 1/16" thick, Garlock Blueguard
3400 (Note: For flat-face flanges use full face gaskets.)




FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-1-0

I

Original Issue Date: 2/90
Revision Date:

TITLE: COLD PBOSSY WATER Page: 2 of 3

Approval: “-)_f.-'“ /@
/

Bolting:

Gate Valves:

Check Valves:

Globe Valves:

Butterfly Valves:

Ball Valves:

Plug Valves:

Other Valves:

Branch Connections:

Tubing:

Velding:

ASTM A307 Grade B Heavy Hex Head & Heavy Hex Nuts.

1 1/2" and belov - 125% Bronze, Screwed, Rising Stem Solid

Disc, Screved Bonnet, Meeting MSS-SP80, Crane #428 -

NO SUBSTITUTES!

2" and up - 150% Cast Steel, Flanged, 0S&Y 4 bolt Bonnet,
Flexible Vedge Disc, Crane #47XU meeting API 600

1 1/2" and below - 200% Strataflo Model 400 Bronze Body
vith stainless steel Poppet, Screwed.

2" and up - 130% Cast Steel, Flanged, Swing Check,

Crane #147X. ANSI B16.34

Not normally used.

3" and over - high performance, double offset stem and
disc, wafer style, Class 150, Carbon Steel Body and 316
Stainless Steel Disc, XOMOX Figure 801-B-6-ST1 meeting
ANSI B16.34, API 609

1 1/2" and below-150psi WSP Bronze unibody construction,
NPT, 316SS Ball and stem, Durafill seats, low Profile
Oval handle. Vatts #B6100-SS-02-0L

2" and up - 150% Ductile Iron Body, Flanged, Reinforced

TFE seats, SS Trim, McCanna #S 151-DI-R-S6, meeting MSS-SP72

2" and up - 150% Flanged, Ductile Iron Body, 316SS Trim,
Teflon sleeve and diaphragm, meeting API 593.and ANSI
B16.10; Tufline Fig. 067

Not normally used.

Use Tee, Lateral, Cross or 3000% ASTM A105 Forged Steel
Integrally Reinforced Branch Connection Pitting (Weld-o-let,
thread-o-let, etc.). If branch size is < 2" and < 1/4 the
line size, then a 3000% ASTM Al05 Forged steel coupling

may be used. Other branch connections must comply with
ANSI B31.3 Section 304.3.

Not normally used.
Per approved velding procedure.

For FMC Maintenance use WPS ASME 111 in accordance with PQT
4111 for 2 1/2" and over with PQT 3111 for 3/4"™ thru 2".

* Preferred type of valve for this service.
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|Specifications: See ES-2-0.3

|Notes: See ES-2-0.3
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FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-2.0
Original Issue Date: 2/90

Revision Date:

TITLE: HOT PHOSSY VATER FROM FURNACE Pa SUMPS Page: 1 of 3
Approval: weu /LS

|Service and Design: Hot Phossy wvater originating from the furnace P

I
|Applicable codes

I
I
I
I
I

I
I
I
I
I
I
I
I
I
I

I
| -
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
l
|
I
I
|

& Standards:
Color Code:

Construction:

Piping:

Elbovs Tees Etc.:

Nipples:

Bushings:

Plugs: .

Couplings:

Unions:

Thread Compound:

Flanges:

sumps, above 100°F, belov 150 psi (corrosive condition)

ANSI B31.3 General Requirements

Yellow

1 1/2" or belowv - Socketweld (preferred) or NPT
2" and up -- Buttwelded and Flanged or Socketweld for 2"

2" or belov - ANSI B36.19, Sch 40S, ASTM A312 grade TP316L

velded pipe
Over 2" - ANSI B36.19, Sch 10S, ASTM A312 grade TP316L

velded pipe with beveled ends.

2" or belov - Socketwelded 3000# Forged 316L stainless steel,

ASTM A1B2-F316L, ANSI B16.11

1 1/2" or below - Threaded - 3000#%# Forged 316L Stainless
steel, ASTM A182-F316L, ANSI B16.11

2" and up- Buttwveld - Schedule to match adjoining pipe,
316L Stainless steel, ANSI B16.9, ASTM A403-WP316L

1 1/2" or below - ANSI B36.19, Sch 80S, ASTM A312-TP316,
Nn.

1 1/2" or below - 3000#% Forged 316 Stainless steel, hexagon,
threaded ANSI B16.11, ASTM Al182-F316

1 1/2" or belov - 3000% Forged 316 Stainless steel, square
head, solid plug, ANSI B16.11, ASTM A182-F316

1 1/2" or below - 3000# Forged 316 Stainless Steel, NPT
ANSI B16.11, ASTM A182-F316

1 1/2" or below - 3000% Forged 316 SS ANSI B16.11 NPT,

ASTH A182-F316
2" or belov - 3000% Forged 316L SS ANSI B16.11 socket

velded ASTM A182-F316L
Rector Seal 100V Teflon paste pipe thread compound.

2" and above - Lap joint stub end MSS SP43 type A -

316L Stainless steel conforming to ASTM A403 VP316L
Schedule to match adjoining pipe. Use with 150% Lap joint
backing flange ASTM Al05 ANSI B16.5. Other 150#% raised
face ASTM A182-F316L flanges may also be used.

* PRV Drains use Schedule 40S
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Original Issue Date: ~ 2730
Revision Date:

-, TITLE: HOT PHOSSY WATER FROM FURNACE PA SUMPS Page: 2 of 3
il % Appreval: <y, ) A2

‘ | Flange Guards:

|Gaskets:

Check Valves:
Globe Valves:

Butterfly Valves:

Ball Valves:

Ramco teflon "Spra-Gard” to match flange sizes.

Lamons style WR, chlorocarb spiral wound gasket with 316L
vinding and Carbon Steel centering ring. Meeting API 601.

ASTM A307 Grade B heavy Hex heads and heavy hex nuts
Not preferred.

Do Not Use

Do Not Use

3" and above - High performance, Double offset stem amd Disc,
vafer style, Class 150, 316 stainless steel body and Disc,
API 607 Fire Safe, Xomox Figure 801-6-6-FTI, Meeting ANSI
B16.34, API 609

1 1/2" or belov-threaded, 150 PSI VWSP min., NPT unibody
construction 316 stainless steel body and trim, API 607
fire safe, lov profile oval handle, Durafill seats, Watts
#58100-M1-02-0L

2" and above - 150% Flanged, 316 Stainless steel body and
trim, reinforced TFE seats, McCanna #S5-151-S6-R-S6

2" and above - 150% Flanged, 316SS Body and trim, Teflon
sleeve and diaphragm meeting API 599 and ANSI B16.10,
Tufline fig. 067

150#%#, 316 SS body and trim

Use Tee, Lateral, Cross or 3000% Forged ASTM A182-F316
(F316L for velded) Stainless steel Integrally reinforced
branch connection fitting (weld-o-let, thread-o-let, etc.)
If branch size is £ 2" and < 1/4 the line size, then a 3000%
ASTM A182-F316L Forged stainless steel coupling may be used
Other branch connections must comply with ANSI B31.3
section 304.3

Not normally used.

Per approved velding procedure.
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|Construction

|Specifications: See ES-2-0.3

|[Notes: See ES-2-0.3
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TITLE:

FMC - POCATELLO ENGINEERING STANDARD

PLANT AIR, FRESH VATER, INDUSTRIAL Page:
_ VASTE VATER, NITROGEN

Number:
Original Issue Date: 2/90
Revision Date:

Approval:

ES-2-4-0

—————

1l of 3
IE‘AJ/Jﬁzé

Service and Design:

Applicable codes
& Standards:

Construction:

|

I

I

|

I

l

I

|Color Code:
I

|

I

[
|Piping:
|

Elbovs Tees Etc.:

Unions:

Thread Compound:

Flanges:

Flange Gaurds:

Gaskets:

Plant Air, fresh vater
(see Note 1) Above -20°F, below 200°F and below 150 psig.
Above ground.

ANST B31.3 Category D.
Green.

2" or below - NPT.
2" and up - Velded and flanged.

2" or below - ANSI B36.10, Sch 80, ASTM AS3 Type F

threaded.
2" and up - ANSI B36.10, Sch 40, ASTM AS3 Type E or S,
Grade B beveled end.

2" or below - Malleable iron threaded, class 150,

ANSI B16.3
2" and up - Sch 40, Buttweld, ANSI B16.9, ASTM A234

Grade WPB.

2" or below - ANSI B36.10, Sch 80, ASTM Al06,
Grade B NPT.

2" or below - 3000%# Porged steel hexagon screwed,
ANSI B16.11, ASTM A105.

2" or belov - 3000# Forged steel square head,
solid plug, ANSI B16.11, ASTM A10S.

2" or belov-Malleable Iron threaded Class 150
ANSI B16.3.

2" or below - Malleable iron threaded class 250 or 300
ANSI B16.39, Ground joint bronze to iron seat

Rector Seal 100V Teflon paste pipe thread compound.

150% raised face, forged steel ASTM A10S5, ANSI B16.5.
If slip on flanges are used, they must be velded on
both sides. (NOTE: Use flat-face flanges when
mating vith a flat-face flanged component.)

Not required.

ANST B16.21 Ring gaskets, 1/16" thick, Garlock Blueguard
3400(Note: For flat face flanges use full face gaskets.)

Industrial vaste water and Nitrogen
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FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-4.0

I

Original Issue Date: 2/90

Revision Date:
TITLE: PLANT AIR, FRESH VATER, INDUSTRIAL 4 Page: _ 2 of 3
VASTE VATER, NITROGEN Approval: ﬁ

/

|Bolting:
I

|Gate Valves:

|
I
I
"
|Check Valves:
I
I
l
I

Globe Valves:

Butterfly Valves: *

I
I
I
I
I
I
I
I

I
|
|Ball Valves: *
I

I

I

|

I

|Plug Valves:

I

Other Valves:

Branch Connections:

ASTM A307 Grade B Heavy Hex Head & Heavy Hex Nuts.

2" and below - 125% Bronze, Screved, Rising Stem Solid
Disc, Screved Bonnet, Meeting MSS-SP80 Crane #428 -

NO SUBSTITUTES!

2" and up - 150% Cast Steel, Flanged, 0S&7 4 Bolt bonnert,
Flexible Vedge Disc, Crane #47XU meeting API 600

2" and below - 200% Strataflo Model 400 Bronze Body
vith stainless steel Poppet, Screved Check Valve.

2" and up - 150% Cast Steel, Flanged, Swing Check,
Crane #147X, ANSI B16.34

2" and below - 150% Bronze, screved, meeting MSS - SP80 Crane
#14 1/2P. :

2" and up - 150% steel, flanged, 0S&Y, Crane #143XN, Meeting
ANSI B16.34

3" and over - high performance, double offset stem and
disc, vafer style, Class 150, Carbon Steel Body and 316
Stainless Steel Disc, XOMOX Figure 801-B-6-ST1 meeting
ANSI B16.34, API 609

2" and below-150psi WSP, Bronze unibody construction,

NPT, 316SS ball and stem, Durafill seats, lov Profile

Oval handle, Watts - B6100-SS-02-0L

2" and up - 150% Ductile Iron Body, Flanged, Reinforced

TFE seats, SS Trim, McCanna S 151-DI-R-S6, meeting MSS-SP72

2" and up - 150%# Flanged, Ductile Iron Body, 316SS Trim
Teflon sleeve and diaphragm, meeting API 593 and ANSI
B16.10; Tufline Fig. 067

125 PSI VsSP

Use Tee, Lateral, Cross or 3000% ASTM A105 Forged Steel
Integrally Reinforced Branch Connection Fitting (Weld-o-let,
thread-o-let, etc.). If branch size is £ 2" and. £ 1/4 the
line size, then a 3000# ASTM A10S Forged steel coupling

may be used. Other branch connections must comply with
ANSI B31.3 Section 304.3.

1/2" or below-seamless soft Annealed Copper Refrigeration
Tubing meeting ASTM B280.

Brass compression fittings meeting SAE JS12.
Per approved velding procedure

For FMC Maintenance use WPS ASME 111 in accordance with PQT
4111 for 2-1/2" and over and PQT 3111 for 3/4" thru 2"

* Preferred type of valve for this service.
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VASTE VATER, NITROGEN Approval: o< /<Z%
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I
|Construction
|Specifications: See ES-2-0.2
I
[Notes: 1) This standard includes Nitrogen on the warm side of an
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2)

evaporator only.

See ES-2-0.2 for construction and testing notes.
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FMC - POCATELLO ENGINEERING STANDARD

TITLE: FURNACE PRECIPITATOR SLURRY

Number:

Original Issue Date:
Revision Date:

Page:

Approval:

ES-2-31-0
2/90
1l of

———————

M!‘M/’*iﬂg
/

|Service and Design:

|Applicable Codes &

I
|
|Color Code:
|
l
l
[

|Piping:
l
l

Construction:

Elbowvs, Tees.

Standards:

etc.:

Thread Compound:

Furnace Precipitator Slurry - Belov 100 psig, Below 328°F.

ANSI B31.3 General requirements.
Yellow

1 1/2" and belowv - NPT
2" and. up - Velded and Flanged

All sizes: ANSI B36.10, Sch 80, ASTM AS3 Type S, Grade B.

1 1/2" and below - 3000#‘]orged Steel, ASTM A105 GR2, NPT,

ANSI B16.11.

2" and up - Buttweld, Sch. 80, ANSI B16.9 ASTM A234
Grade VPB.
NOTE: Use Long Radius Elbovs vhenever possible.

1 1/2" and below - ANSI B36.10, Sch. 80, ASTM Al06,

Grade VPB.

1 1/2" and below - 3000% Forged Steel, Screved, Soild Plug,

ANSI B16.11, ASTM AlO0S.

1 1/2" and below - 3000# Forged Steel, square head,

Soild Plug, ANSI B16.11, ASTM Al10S.

1 1/2" and belowv - 3000%# Forged Steel,
ANSI B16.11.

ASTM Al05 Grade 2,

1 1/2" and below - 3000% Forged Steel,ASTM Al05 Grade 2,

MSS SP-83.

Rector Seal 100V Teflon paste pipe thread compound.

150% Raised Pace, Forged Steel, ASTM A105, ANSI

B16.5. If slip on flanges are used, they must be velded on

both sides.

(NOTE: Use Plat face flanges when mating wvith a flat

face flanged component.)

Ramco Teflon "Spra-Gard" to match flange size.
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TITLE: FURNACE PRECIPITATOR SLURRY

Number: ES-2-31-0
Original Issue Date: 2/90
Revision Date:
Page: 2 of

Approval: u cy/

|Gaskets:

I
|Bolting:

|Gate Valves:

Check Valves:
Globe Valves:
Butterfly Valves:

Ball Valves:

Plug Valves:

Other Valves:

Branch Connections:

Lamons Style WR Chlorocarb Spiral Wound Gasket, with 316
vinding and Carbon Steel Centering Ring, API 601.

ASTM A307, Grade B, Heavy Hex Head with Heavy Hex Nuts.

2" 'and up - #150 Cast Steel, Flanged, 0S & Y, Flexible
Vedge Disc, 4-Bolt Bonnet, API 600, Crane #47XU.

2" to 8" - 150 PSI CWP Knife Gate Valve, 316 S.S. Body,
Seats, Gate and Flanges, Molded Elastomer Packing,

ITT Fabri-Valve #37R.

Do Not Use.

Do Not Use.

Do th Use.

1 1/2" or belov - 150% WSP min, NPT, Bronze, Unibody
Construction, 316 stainless steel Ball and Stem, Durafill
seats, Low Profile Oval Handle, Watts B6100-55-02-0L.
2" and up - Not Normally Used.

Not Normaly Used.

150% Carbon Steel, API 607 Fire Safe.

Use Tee, Lateral, Cross or 3600# Forged ASTM A105 Forged
Steel Integrally Reinforced Branch Connection Fitting

(Veld o-let, thread-o-let, etc.) If branch size is < 2" and

< 1/4 line size, then 3000% ASTM A105 Forged steel
coupling may be used.
wvith ANSI B31.3 Section 304.3. (NOTE: Branch connections
should point up. Use minimum distance possible between
header and branch valve.)

Not normally used.

Per approved velding procedure.

For FMC Maintenance use WPS ASME 111 in accordance vith
PQT 4111 for NPS°2 1/2" and over and PQT 3111 for NPS 3/4"
thru 2".

Other Branch connections must comply
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|Construction

| Specifications: _ See ES-2-0.3

|[Notes: See ES-2-0.3
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‘ REVISION PAGE

Client: FMC Corporation Project Number: 96096.043
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Location: Pocatello, Idaho Discipline: Piping

SPECIFICATION

FOR

THERMAL INSULATION
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the new or revised pages are issued. The description of each revision is briefly noted below.
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Constructors THERMAL INSULATION Page 1_of 6
1. SCOPE

This specification shall govern the design, physical properties of materials and methods of
application for thermal insulation to be applied to vessels, piping and equipment operating
between 150°F to 500°F.

The Design Engineer has the responsibility to interpret the specifications and, should
changes in design or conflicts occur, shall make necessary revisions or additions to the
specifications.

2. GENERAL

A.

Where the following terms are found within this specification, they shall have
meaning and significance as defined:

Client: FMC Corporation

Engineer: Raytheon Engineers & Constructors (RE&C)
Contractor: Rust Constructors, Inc.

Subcontractor: Insulation Applicator

Engineering and Test Standards

s The edition in effect on May 17, 1996 of codes, standards, or specifications
including any published modification, interpretations, or additions cited in this
specification shall be considered an integral part of this specification.

2. The entire job shall be executed in accordance with these specifications and
with the best modern practice for this class of work and it is to present a neat
and workmanlike appearance.

The subcontractor shall provide all materials, equipment, tools, labor and supervision
necessary to execute the work, and shall remove all equipment and excess material
after completion.

Insulation application shall not be started until after all required hydrostatic or
pneumatic tests have been completed, unless otherwise approved. If insulation
must begin prior to such testing, then all welds, flange joints and plugged vents and
drains in the pipe shall be left uncovered until all tests are complete. Vessel welds
may be insulated if the vessel has been hydrostatically shop tested.

Do not insulate indoor valves and flanges. Manways, handholds, and blind flanged

nozzles on outdoor equipment shall be insulated the same thickness as specified for
the equipment. Insulation should be applied in such a manner as to be weathertight
and be removable and replaceable without damage, for access with a minimal
amount of effort. Davits shall be free to operate. Inside valves, flanges, bucket,
thermostatic and thermodynamic steam traps shall not be insulated.
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1 As specified, valves, except control and relief valves, shall be insulated to full

specified thickness except the bonnet. Control valve bodies only shall be
insulated to full specified thickness. Relief valves shall not be insulated,
unless required for freeze protection. Bonnet shall be removable without
damage to the insulation.

2. Pumps located inside of buildings are not to be insulated. Outside pumps
requiring insulation should have insulation boxes that can be easily removed
and replaced without being destroyed.

3. Heat tracing where required, must be installed before insulation is started.

F. Surface Preparation

All surfaces which are to be insulated shall be free of all contaminants, oil grease,
dirt, etc. and will be prepared in accordance with the insulation materials
manufacturers requirements.

G. Conditions of Applications

18 Insulation and accessory materials, other than cements and mastics, shall be
applied only if dry. Insulation that has become wet or damaged shall be
replaced.

2 Cracks, voids, breaks, and improperly fitted insulation shall be refitted or
replaced. Filling of joints, cracks, voids or holes with mastics or cements shall
not be allowed except where pipe hangers or supports penetrate insulation
and jacketing.

< Insulation that has been applied, but not finished with weather barrier jackets
or coating, shall be protected from the weather or other sources of physical
damage.

4. Structures, equipment, piping, and other surfaces in the vicinity of insulation
applications in progress shall be protected from dripping, splashing, or
accidental applications of coatings, mastics, or cements.

3 MATERIALS
A. Insulation.

t. Cellular Glass Insulation, Pittsburg-Corning
"Foamglas'.(K = .33 BTU-IN/HR-FT2-°F at 75°F)

2.  Hydrous Calcium Silicate ("Cal-Sil"), from various
manufacturers. Material shall be asbestos free and corrosion inhibited. (K =
.475 BTU-IN/HR-FT2-°F at 350°F)
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3. Mineral Wool, from various manufacturers. Material
shall be asbestos free. (K = .35 BTU-IN/HR-FT2-°F
at 100°F)
4. Fiberglass insulation, shall be one-piece, heavy density, pre-formed in

accordance with ASTM C547, suitable for 450°F.
(K =.23 BTU-IN/HR-FT2-°F at 75°F)

B. Jacketing

) All piping which is insulated under this specification shall be finish covered
with .019 smooth aluminum jacket with a suitable vapor barrier. The sub-
contractor shall also cover all insulated elbows with aluminum jackets, .019"
thick, preformed.

C. Sealants, Adhesives, and Cements.
Tis Silicone Sealant, General Electric, #1200 Silicone Construction Sealant.
Z: Insulation Cement, Pabco insulating mud, or approved equal.

4. INSULATION THICKNESS.

The pipe insulation thickness shall be determined by reference to operating temperatures
and to the Insulation Thickness Chart as follows:

OPERATING TEMPERATURE
300°F (149°C) TO
300°F(149°C) 500°F (260°C) ABOVE 500°F

PIPE SIZE AND BELOW (260°C)
1" & Smaller 1-1/2" 1-1/2" 1-1/2"
1-1/2" - 10" 1-1/2" 2" 2"
12 = 36" 2" 3" Mineral Wool or As
Over 36" < 4" Specified

5. INSTALLATION

A. Cellular Glass Insulation and Calcium Silicate.

Piping - pipe insulation shall be applied with staggered joints tightly butted.
Stainless steel bands 1/2" wide shall be placed on 9" centers for 18"
insulation or 12" centers for 24" insulation. Wire shall not be used for
temporarily securing cellular glass. If final jacketing is to be metal, glass
reinforced tape, spaced at 9" intervals, may be used.
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2, Hangers - hangers shall be covered as shown in Figure 5.

3 Fittings - fittings shall be covered with metal per Section 4.0. There shall be
no gaps between pipe insulation and fitting insulation. Jackets for elbows will
be pre-formed metal up to 4" pipe size.

4. Flanges and Nozzles - flange and nozzle insulation, if required, shall be
removable pad. (See Figure 3)

5. Valves - valves, if insulated, shall be a removable pad. (See Figure 4)

6. Expansion - expansion joints shall be constructed as shown in Figure 1, 6, and
Ze

7. Equipment - vertical vessels shall have angle or plate supports welded around

the shell at top and bottom as shown in Figure 6. Intermediate supports will
be used on vessels over 15' high and placed on 12' centers.

Vessels over 15 feet in diameter shall have vertical pencil rods welded to the
shell on 50 feet maximum centers. Pencil rods shall be spaced away from
vessels by means of angle clips, studs, or nuts to facilitate banding of
insulation as shown in Figure 7 When welding to alloy vessels, a
recommendation or approval is to be obtained from FMC to determine the
welding rod and procedure to be used.

Foamglas shall be flat block, curved sidewall segments, or beveled lags
fabricated to fit the diameter of the vessel. Joints shall be staggered and
tightly fitted. Panels shall be held in place with banding; wire shall not be

used.

B. Fiberglass Insulation

1.

Pipe insujlation shall be preformed and furnished in standard lengths and
thicknesses with ends cut square, conforming with dimensional requirements
of ASTM C581.

All insulating products and covering to be UL Listed, with UL compliance
clearly marked on cartons.

All shall comply with all applicable federal, state and local codes and laws.

Thickness of insulation shall be as follows:
NPS 1/2-2 =1"
NPS3-12 =11/2"
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5. Jackets:

a. PVC plastic, one piece molded type fittings covers and jacketing material.
Connections: Tacks, pressure sensitive color matching vinyl tape. To be
used for indoor applications.

b. Aluminum jacket: 0.016 thick sheet, smooth finish, with longitudinal slip
joint and 2" laps' fitting covers. To be used for outdoor application.

c. Stainless steel type 304, 0-10"; smooth finish to be used for corrosive
environments.

6. All installation shall be continuous through wall and ceiling opening and
sleeves.

2 Hangers, supports, anchors, etc, that are secured directly to cold surfaces
must be adequately insulated and vapor sealed to prevent condensation.

8. On dual temperature systems seal all pipe termination including fittings, wall
penetrations, and pipe supports with vapor barrier mastic.

9. All surface finishes are to be extended to protect all surfaces, ends and raw
edges of insulation.

10. Specified adhesive, mastic and coating shall be applied at the manufacturer's
recommended coverage per gallon.

Mineral Wool

{5 Uses - Mineral wool is to be used on larger vessels of high temperature, on
the bottoms of suspended tanks, on flat surfaces, or in other applications
specified by FMC.

2 Installation - Mineral wool blankets will be placed over pins that are spot
welded to the vessel, and retained by stamped metal plates that slide over the
pins. Pins to be placed on a maximum of 12" centers.

Mild Steel and Stainless Steel Jacketing

Jacketing shall be cut to length to provide a one inch overlap and secured with
sheet metal screws every nine inches. Rivets or other non-removable fasteners
shall not be used. All end joints on horizontal pipes and all longitudinal joints on
vertical pipes shall be sealed using the sealer specified in Section 3C. All horizontal
seals shall be on the side of the pipe and the upper jacketing shall overlap the lower
so as to exclude water from the steam.
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6. PERSONNEL PROTECTION

A. For the protection of personnel, all surfaces with temperature in excess of 150°F
located beside walkways or other surfaces or which could be touched in the course
of normal operating duties shall be insulated or guarded. All exposed hot surfaces
within seven (7) feet of the floor or walking platform or within 30 inches measured
horizontally from stairways, ramps or fixed ladders shall be covered with an
insulation material, or guarded in such a manner as to prevent contact. Guards may
be constructed or enamel coated carbon steel expanded metal mesh as shown on

Standard Engineering Drawings.

All piping insulated for personnel protection shall be insulated with a 1" (min) thick
calcium silicate insulation and covered with a smooth barrier jacket in accordance

with these specifications.

All tanks, vessels and equipment insulated for personnel protection shall be
insulated with 1" (min) thick mineral wool blanket and covered with a corrugated

barrier jacket.

All insulation shall be installed per manufacturer's installation method.
7: SPECIFICATION SUMMARY
PIPELINE/TANK/EQUIPMENT #_

INSULATION TYPE

INSULATION THICKNESS

JACKETING TYPE CORRUGATED/SMOOQTH/EMBOSSED

JACKETING THICKNESS

FLANGES - Flanges shall/shall not be insulated.
VALVES - Valves shall/shall not be insulated.
NOZZLES - Nozzles shall/shall not be insulated.

EXPANSION JOINTS - Expansion joints are/are not required every feet. See
Figures 1, 2, 6 and 7.
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ATTACHMENT “A”

This specification shall apply serial number:

SERIAL NUMBERS

026
040
041
042
043
044
045
046
062
107
108
140
158
160/190
161/191
162/192
163/193
165/195

188
236
260
261
262
264
267
279
282
287
425
426
429
440
440
941

DESCRIPTIONS

FURNACE OFFTAKE STEAM/N2 PIPING

FURNACE SIDEWALL COOLING JACKETS

FURNACE BOTTOM COOLING

FURNACE DOME AND DONUT SPRAY

FURNACE MONKEY COOLING

FURNACE FLEX CABLE/HOLDER WATER

FURNACE PRESS. INSTR. (DRAFT LINE)

N2 PIPING TO T-SEALS/FEED CHUTES

HOLDER HYDRAULICS

NITROGEN TO FEED BINS

KNIFE GATE HYDRAULICS

SLAG PIT SPRAY PIPING

1ST PASS SLURRY TANK VENT

1ST & 2ND PASS SLURRY PIPING

BOTTOM DROP VALVE

1ST & 2ND PASS DRY SEAL (N2/STEAM/CONDENSATION

1ST & 2ND PASS TOP OF PRECIP.

1ST & 2ND PASS DRY BOTTOM AND SLURRY TANK
STEAM, WATER AND AIR PIPING

2ND PASS SLURRY TANK VENT - (1) 6" LINE

HYTOR RECYCLE LINE

P4 SUMP STEAM COILS

P4 SUMP COVER AND NOZZLES

P4 SUMP VENT TO MEDUSA

P4 SUMP PHOSSY WATER OVERFLOW

P4 SUMP MISC. PIPING (PHOSSY WATER PIPING)

FCE AREA/WASTE WATER SUMP PUMP PIPING

ANDERSEN SCRUBBER RING

MEDUSA SCRUBBER PIPING

CENTRIFUGE PRODUCT PIPING

SAFETY SHOWER PIPING

NATURAL GAS PIPING

16" LEVEL DRAINS

DRY FIRE LINE

NOSAP PIPING
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

APPENDIX 5 AUXILIARY EQUIPMENT

I SUMP PUMP INFORMATION & SPECIFICATIONS

Wastewater Collection sump Pumps P-4401, P-4402:
Toyo Pump — Type DEC 81-80, Vertical Recesses Impeller Pump

FUME FAN INFORMATION & SPECIFICATIONS

Wastewater Collection sump Fume Fan F-4400
New York Blower, 2110S Pressure Blower
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Da not install this equipment other than in accordance
with the instucdons contained in this manual

The descsiptons and instructons in this manaal cover
the standard design of the equipment and the more
popular options when peossible. This manual does not
cover all design details and variations, nar does it
provide for every contingsncy which may be encoun-
tered. When information cannot be found in this
manual, contact the nearest Toyo branch office.

This inszuction bock sheuld be read completely before
staring insmallation. The equipment is capable of
couble-free operation when properly installed, oper-
ated and maintained. These instructions preseat the
basic informaton and methods required for proper
inseallation and maintenance.

This pump has been designed to provide safe and
reliable service. Howevez, it is both a pressure vessel
and a piecs of rowting machinery. Therefore, the
operator (3) must exarcise good judgement and proper
safety practices to avoid damage to the equipment and
surroundings to prevent personal injury., The inszuc-
tions in this manual are intended for personnel with a
general training in operation and maintenance of cen-
tifugal pumps.

The unit should be mspecr.ed xmmedm.ly upon arrival,
and any irregularities arising due to shipment should be
reported 1o the carrier.

Care should be taken when unpacking pumps. A copy
of this inscrucdon bock as well as instruction shests for
other various components (such as the driver) may b
included in the shipment. Put these papers in a safe,
accessible place for ready reference when required. It
is important that the entire contents of this booklet be
studied before installation.

Pump pans and accessorics may be packed inside

It is assumed that your safery department has estab-
lished a safety program based upen a thercugh analysis
of industrial hazards. Befors installing, operating or
perfarming maintenance on the pump and associated
components described in this manual, it is suggestsd
that the safety program be reviewed to ensure that it
covers the hazards arising from high spesd routing
machinery.

In general, all personnel should be guided by all the
basic rules of safety asscciated with the equipmenzand
the process.

It should be understood that the information contained
in this mannal does not relisve operating and mainte-
nance personnel of the responsibility of exercising
normal good judgment in cperaticn and care of the
pump and its components.

Toyo Carperation reserves the right to change the
design, construction, or matesial of any part without
incurring the obligation of installing such changss cn
pumps already delivered,

shipping containers, or attached to skids in individual
packages. Inspect all containers, crates and skids
before discarding.

[EBESTORAGE:
The pump is protectad against corrosion for the pesiod
of shipment and installation only.

If the pump is nct to be installed at oncs, find a clean,
dry location for storage. Unit should be stored in an
approximately lcvel position with no strass applied.
Protective coverings should be leftin place. The pump
can be lefl in its shipping container or skid for sterage.

Tovo 1




Pumps with grease.lubricat=d shalt bearings are
shipped with grease insualled, therefore, no special
preservation measures are required. Pumps with other
than grease-lubricated bearings are usually furnished
with a corrosion-resistant shaft material, so also require
no special preservation measures.

when moving pumps. Rough bandling of the
pump can cause breakage cr permanent misalignment.
Carefully sling pumps so that shaft will not be bent or
damaged when lifting.

It is advisable to raise the pump into the horizontal
position befors uncrating. If this is not pessible, pumps
over eight feet long must be supportad at more than cne
place when raising to the vertical posidon. DO NOT
sling orraise the pump by using the moter suppert only.

Make surs that any equipment used to lift the pump or
any of its components is capable of suppertng the

weights encountered. Make sure that all pans arc

propesly rigged before attampting to life

L

The pump was checked during assembly at the factory
to maks surs that the pump shaft rotated freely by hand.

Handling during shipment, storage, or preparation far
installation could have caused distordons resulting in
pump shaft binding.

§ e W S | }."%3;: m
The *'I"* beams or channels which support the pump
must be sufficiently substantal to give rigid suppor: o
the pump and to absorb vibradon. They must be level
and one must be movable in order to lower the pump
into the sump.

The bolts which secure the pump to the beams should be
1/8" less in diameter than the holes in the pump frams.

CAUTION
Provision must be made to support discharge
pipingindependently from the pumptoprevent
excessiveloadsand fomaintain properpump-
driver alignment.

2 TOYO
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The pipe must be supperied indcpendently near the
pump (o prevent any stress from being transmiusd to
the pump.

Arrangemeats shoald be made 10 kesp the pump from
back-spinning severely during shutdown. On a long
discharge line, a non-slam check valve should be in-
stalled. At no point should the pump be started while
the impeller is in reverse rotation.

The sump must be scresned 0 prevent any forsign
objects from falling into the sump and blocking the
pump. The openings in the screening should be the
same size or smaller maximum particle size that the
pump can handle. Se= Table 1 beiow.

Table 1 MAXIMUM PARTICLE SIZE

Model No Agitater* With Agriator
4150 1.8 (45 mm) nct available
5180 28(72mm) 1.4 (35 mm)

61100 3.5 (0 mm) 1.8 (45mm)

710 1.8 (45 mm) 0.8 (29 mm)

714100 | 2.5(0mm) 1.8 (45 mm)

81150 | 53(135mm) | 26 (EZmm)

*30% of sucion and ¢ischarge area

TER S B EEEDRNES ey
Well designed and properly installed V-belt drives are
capable of running for years without maintenancs.
Thers are a few points that should be checked periodi.
cally.

1. Check Belt Fit

Regardless of the belt sccdon used, the belt should
never be allowed to bottom in the groove. This will
cause the belts o lose their wedging acdon and slippags
can oczur, Sheaves or belts that permitsuch a condition
to occur should be changed.

2. Keep Belts Clean

Dirt and grease reduce belt life.- Belt dressing affects
performance only lemporarily and is never recom-
mended. Maintaining a clean drive is a better idea




e T

3. Use Belt Guards

Belt guards protzct persennel from dangerand the drive
from contaminaticn. Inspect pesiodically to assure that
belts do nct rub against the guard,

4, Maintain Proper Belt Tension

Proper tension is the primary reason for long belt Life.
Impropes tensicn could cause belt fatigue and/or hot
bearings.

5. Sheave Alignment
Alignment must be maintained for full power transmis-
sion, minimum vibraticn, and long drive life.

If any questions arise pertaining o the drive limitasons,
consult the manufacturer.

vlun&h. .‘J’"‘, Zmares
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Paralle! alignment may be checked with adial indicator
and suitable suppont bracksts. Depending on coupling
size and shaft gap, angular misalignment may be
checkad with fesler gauges, inside micrometers or dial
indicaters.

CAUTIOM
The permissible amount of misalignment will

vary with the couplirg type. Foliow the manu-
facturer's recommendations.

Befcre szrting a new pump, check the pump supports
and piping to be cerwin that they conform to the
specificadons in the “‘Installation Insouctons’™ sec-
ton.

The bearing housing is properly flled with grease
befors shipment. Under normal conditions, grease
should be added every month but care should be taken
not o over-lubricate.

On the DEC series pumps the shaft is blocked (in the
suction head area) with wood wedges to furnish suppert
during shipment. Be sure to remove these blocks.

Tumn the pump shaflt by hand. If the pump does not wm
fresly, it should be checksd 1o determine what is caus-
ing the binding.

Chezk the motor rotation to be cariain that it will drive
the pump in the corre<t direstion.

Corr=ct rotation is clockwise as viewed from the top.

WARNING
Farmodels withthe patented agitatar, reverse

rotation of the pump may cause the agitatarta
unscrew which may damage the impelier.

Do not operate the pump with a closed dischargs line.
At the shut-off point, with no water flow, the herse-
power deliversd to the pump is rapidly convernied into
heat and presents great potential danger,

WARNING
Da not operate the pump without proper drive
quard m place.

'I'he D"C pump beanngs are gresse lubricatsd, A
sufficient amount of grease has been used during the
initial assembly to charge the bearings. Greass fittings
have been provided o allow regreasing of the bearings.
The greass sclested atthe factory is the opdmum for the
bearing size and the shaft surface speed generated at the
sold conditons.

CAUTION
Ifa speed change is made to ane HIGHER than
crignally sold for, a bearing grease change may

ke required for the higher generated surface
speeds.

rovo 3




CAUTIOM
Inmost cas2s Toyo will be using Shell Alvania
R3 grease, a grease based on lithium 12 hy-
draoxy stearate s03p. We may m special

Greumstanc.es. at high surface speeds use a
syrthetic Teflon grease farmulated specifically
for Toyo.

CAUTIONM
Grzase formulations vary widely in the type of
lubricant, lubricant carrier or soap and additives
tor load and rust preventicn. Mixing ditferent
grease types may preduce a grease in the bear-

ingvathsigniiicantly differentcharacterdisticsthan
desired. DO MOT MIX DIFFERENT GREASE
TYPES! ASSURE THE GHEASE USED AT
REPLEMISEMENT INTERVALS IS COMPAT-
IBLE

1. Startup

On the initial start-up a short period of running time is
required to allow the bearings to centrifuge out un-
wanted over-packed grease. The bearings are self
centrifuging.

During thisrun in time grease may be added through the
grease fittings for both the upper and lower bearings.

The bearing housing temperature should be monitored
since over greasing is the leading causs of hot bearings.
The bearing housing temperature will stabilize within
the first hour or so of operation at constant Joad and

speed.

Bearing temperatures will vary with the operating point
of a centrifugal pump on a fixed speed performance
curve. i.e, Operation at low flows will generate higher
temperatures than at higher flows.

2. Regrease interval

The bearings should be regreased with the pump run-
ning to allow the bearings to centrifuge out the old and
surplus grease. Grease life varies considerably depend-
ent on bearing size, type. rotating spesd, operatng
temperamure and by the ingress of moisture, gases and
forsign mager.

4 Tovo

It is not possible to suggest or recommend a regraase
interval suitable for all installations. As a general
guide, when the operating temperature is over 80°C
(176°F), for every 15°C (27°F) rise in temperature the
relubrication interval should be halved. The maximum
working temperature of the grease must never be ¢x-
ceaded! If the bearing housings are being frequently
splashed with liquid then the relubricagon interval
should be oncs every wesk unless marine greases ars
being used. The maximum working tempezature of the
standard grease supplied by the factory is approxi-
mately 150°C (300 *F).

Very generally Toyo recommends an initial regreasing
interval of about one month. Thisregrease interval may
be lengthened with the experience and the discretion of
the operator.

At least once 2 year, or more often if regreasing inter-
vals are frequent, the bearing housing should be
opened, the housing cleaned of cld greass acsumula-
tions and the bearings washed in clean solveat, blown
dry, examined, reinstalled and regreased,

Do not reuse bearings that have obvious visual dafects
ar that have been discolored to a light blue. Examine
the lip s=als or labyrinths for wear during all bearing
housing disassemblies.

The bearing housing seals may generate some heatundl
broksn in. Seal t=mperamre should stabilize within the
first two hours of operation.

NOTE:

Lip seals must have lubrication or they will experiencs
an undesirable t=mpematurs rise due to their proximity
10 the bearings. The seal lip may harden and deterio-
rate, and at high rubbing spesds they may groove the
shaft
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In general, maintenance should be performed by
qualified personnel familiar with the operation of
enmrifugal pumps.

For vertical cantilever pumps, it is necessary to lift
the pump completely out of the sump. Only then
will the casing and the impeller be properly acces-
sible. The pump may be dismantled either sus-
pended vertically from the thread in the top of the
shaft or by supporting it horizontally. Care must
be taksn o suppert the shaft properly when re-
moving the bearings in the horizontal position.

CAUTION
Before removing the pump fram its inst2llaticn

ensure that the malor is disconnected

®

6

Pricr to bringing the pump into the shop area.
ensure that the pump is well cleaned and decon-
taminated in accordance with the owner's sits
safety procedores.

Easure that the proper tools for disassembly ars at
hand. No special tools are required.

Remove the V-belt guard, V-belts, drive motor
and motor support plate, Proceed 1o remove the
pump V-belt sheave adapter bushing and keys.

On medels with the agitator; this has a standard

ACME thread and may be removed by impacting

with a soft faced mallet in a counterclockwise

direction. The agitator is high chrome iron which

is Hard and brittle and may be prone to breakage.
L.

Rémove suction strainer if preseat.
Disconnect discharge pipe from discharge flange.

Unbelt the casing from the support column and
remove.

Remove impeller screw and remove impeller
collarand impellertogether with the impeller key,
Now the main parts of the pump may be checked
for wear.

TOYO

13.

14.

15.

16.

17,

. Unbolt the bearing housing from the baseplate and

remove both the baseplate and the delivery pipe.

Remove the suppert column to bearing housing
bolts, ensuring that the column is well supported
cr slung. The suppert column may now be re-
moved overthe shaft The support column flanges
have closely machined faces. Care should be
taken to avoid nicking or burring these facss,

Remove the top bearing cap bolts. Lift the capoff
over the top of the shaft

Remove the lock nut holding the top bearing in
place. The two angular contact bearings are
heated on and requirs the same energy source for
removal or bearing pullers. Suppert shaft prop-
erly to avoid damage to radial bearing, -

Slide the thrust bearing hub off over top of shaft

Remove cap screws in the bortom bearing cap and
carefully slide the cap off the end of the shaft. The
outer race of the bearing has been heated on and
therefore must be heated up or pulled to be r=-
moved. '

Bearing housing may now be removed overend of
shaft

Impeller - Replace if impeller shows excessive
erosion, corrosion or vane breakage. Keyway and
hub must be in good conditien. Reduction in
hydraulic performancs may result from excessive
wear,

Shaft Slesve, when present- Sleeve surface must
be smooth. Replace if badly grooved or cut

Casing - Replace if badly wom.
Bearings - Inspect for obvious visual defects.

Replace if worn, discolourzd or if loose or rough
and noisy when rotated.
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Qil Seals - Replace if wom or otherwise damaged.
Package and O-rings - Replace.
General - All parts should be thoroughly cleaned

before assembly. All nicks and burrs should be
removed.

!J

In general the assembly is performed in the re-
verse ordes to the dismante procedure.

Gather and inspect all parts necsssary for the
pump's assembly. Ensure all machined surfaces
are free of nicks and burrs and corrosion. Easure
gll pans are wiped clean of preservatves and
packaging debris, cspecially the anti-friction
bearings. Ensure all ‘O'-rings and lip seals are
undamaged.

Ensure the proper wols for assembly are at hand.
No “‘special”’ tools are required. All proper tools
required are commercially available. Belowisa
ghort list of some tools required.

- Thermostatically controlled bearing heater

- Pyrometsr

- Dry ice or a bearing refrigerater

- Asbestos protective gloves

- Proper sized hook spanner wrench for bearing
locknut

Apply 2 light film of oil o the shaft o facilitue
installation of bearings and se=als, Take carenotto
scrach or otherwise damage the fine machined
surfaces.

Press the lip seal into the cylindrical roller bearing
bhub and place an ‘O’ ring around it.

Cool the cylindrical roller bearing to -5*C (23°F)
and then press it int the hub.

Slide the rubber flinger (Dia 101.3 mm) onto the
shaft from the wop end until itcomes to rest against
the rubberized portion of the shaft in the case of
the DFC model and to approximately 4" below the
inner race shoulder in the case of the DEC model.

Heat the inner race of the bottom cylindrical roller
bearing to approximately 66°C (1S0°F) above
ambient temperature or until sufficient clearance
exists between the 1D, of the inner race and the
OD, of the shaft. Slide the inner race on over the
top of the shaft down 1o its shoulder

10.

b 8

12,

14.

15.

16.

17.

18.

19.

20.

r.ldslio

Slide the cylindrical roller bearing hub from the
top of the shaft down ocaw the inner race and
sccure.,

Push the shaft from the bottom end up through the
bearing housing so that the top of the rubberized
parton, in the case of the DFC, rests against the
radial bearing hub so exposing the top ead of the
shaft

Heat the wp angular contact bearings to about
656°C (150°F) above ambient temperature or until
sufficient clearance exists betwesn the inner race
1.D. and the shaft O.D. w allow asscmbly, Usca
proper bearing heating device such as an oven ot
heating ring. Do not scratch the race or apply a
direct flame o it.

Slide both bearings on over the top of the shaft
until they seat firmly against the shoulder of the
shaft and against each other. Apply slight pres-
sure on the inner race of the top bearing to ensurs
it is snug against the lower besring as cooling
begins. Hold for about one minute,

Install the thrust bearing lockwasher and locknut
onto the shaft againgt the thrust bearings, only
hand tight. Allow the bearings to cool o ambient
temperature,

Tighten the bearing locknur using a properly sized
hock spanner wreach. Fold & mb of the lock-
washer over, to lock the nut in place.

Install the thrust bearing cover O-ring and the cil
seal for the top bearings. Pack the bearings well
with a suitable grease. In most cases our factory
will use Shell Alvania R3 greass based on lithium
12 hydraoxy stearate soap, or equivalent

Install the top bearing cap and bolt to the bearing
housing. Charge the bearings fully with grease
through the top grease nipple.

Eneure that the brass air plug in the bearing
housing is looss 1o allow air to escape when the
bottom cap nuts are tightened and when the bot-
tom bearing is fully charged with gresse through
the bottom grease nipple. Insert rubber flinger.

Bolt the bearing housing assembly onto the base-
plate.

Slide the support column over the bottom of the
shaft and bolt to the baseplat=.

Bolt the casing onto the bottom of the suppont
column,

Tovo 7
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21. Slide the impeller onto the shaft and install the 23. Inswll the motor support plate, motor, V-belt
key. Secure with the impeller lock fitting. drive, belts and guard.

22. Connect the delivery pipe 1 the discharge flange 24. Install pump back into sump.
and (o the baseplate.

23. Onmodsls with the agitator; install the agitator on
1o the shaft using a good thread lubricant 10
facilitate removal. Do not impact the agitator.,

section: ViZRECOMMENDED: SPAREPARTS:

To ensure against possible long and costly downtime periods, espesially on critical services, it is advisable to have

spare parts on hand. A list of spare parts is found in the parts list. Repair orders will be handled with 3 minimum of

delay if the following directions are followed:

1. Give model number and serial number. Thess can be obtained from the nameplat= on the pump.

2. Write plainly the name and part number of cach partrequired. These names and numbers should agres with those
‘ on the sectional drawings. .

3. Give the number of parts required.

4. Give complete shipping instructions. -

Some parts have long life and therefore do not have to be carried in stock. These items should be checked at regular
intervals and when replacement ig indicated the parts should be ordered.

For cach particular pump model refer to the corresponding spare parts list. This list indicates what are considered to
be the recommended and critical parts for that pump.

Ppapopnd

8 rovo

P



VERTICAL RECESSED IMPELLER PUMPS

TYPE DEC 81-30 : PERFORMANCE CURVES
* SISCHARGE 80 MM (3°)  |imMeeLier 336 MM (13.2") | DATE 3 JAN 1990
SUCTION 100 MM (47) | souo 72 MM (2.8") | NumBzrR 1101
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RECESSED IMPELLER PUMPS

PUMPS TYPE DEC CROSS SECTIONAL DRAWING
'S BEARING HCUSING UP 61-100 TQ AND INCL. 81-150 WITH AGITATOR DE3C24
> |
i
= §J
PAGT NQ,| GTY| DESCRFTION :
toen Pt .
11 || awasa Z : |
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RECESSED IMPELLER PUMPS

‘ IPUMPSI

TYPE DEC ___DIMENSIONAL DRAWING
'E’ BEARING HOUSING W OR W/O AGITATOR DES014 PAGE 10F2
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Z_L_.f- : aQ
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F.15/13
RECESSED IMPELLER PUMPS
PUMPS TYPE DEC DIMENSIONAL DRAWING
'E’_BEARING HCUSING W OR W/Q AGITATCR DESQ14 PAGE2cF2
Table A - PUMP DIMENSIONS Table B - NOZZLE LOADS
61-100| 71-50 | 71-80| 7i1-100| 8&1- 80| 81-150| 91-100 7150 | 7180 | 61-100 | 81-150
8180 | 71.100
A 1219 | 1219 | 1219 | 1219 1215 | 1219 1218 91100
1524 | 1524 | 1524 | 1524 1524 | 1524 1524
1829 | 1829 | 1829 | 1829 1829 | 1829 1829 Fe | 80 | 140 | 160 | 180
B 635.4 | 635.4 | 625.4 | 635.4 635.4 | 635.4 | 635.4 F|so | s0 | 100 |15
o y i
C 185 189 189 | 189 189 | 189 189
3 a
T @m | #s | 76 | 7| 26 | I8 773 Fg | 65 | 115 | 230 | 230
D 300 | 300 340 360 | 355 440 430 M, (170 | 230 | 320 | 580
DA | 15 | 15" 15 1.5 | 1.875" |1.875" 1.875 M, |13 | 175 | 260 | 30
DB 80 | 90 30 90 | 90 80 80
DC| 104 104 104 104 104 104 104 M| 85 | L6 | 160 | 230
DD | 1.289" | 1289° | 1.283° | 1239° 1591'| 15917 1.591" Force = Fin Ibs
DK | .375 | 375 .875 275 5 | 3 £ Moment = M in Ib-t
E | 177.8 | 1143 146 | 177.8 146 | 241.3 177.8
F 255 | 2125 245 255 | 318.6 | 353.6 255 x = in line with pump shait
= vartical
2.8 | 826 7 R 3
G |43 .8 S91 | 4328 | 464.6 | 594.8 432.8 Y - perpendicularto 4
H |_ 200 200 220 220 250 250 250
al ' 45 20 L as 45 65 65 45
oJ 364 340 l 364 398 525 §25 398 Dimensions in mm except as noted
oK 100 50 80 100 80 150 100
L | 203.2 | 2254 | 2388 |203.2 312.4 | 203.2 2032
oM 20 20 20 l 20 20 23 20
N | 190.5 | 120.6 | 152.4 | 190.5 152.4 | 241.3 190.5
P 175 | 120 120 175 120 175 175
Q | 1219 | 914.4 |914.4 1219 | 1219 | 1219 1218
R | 914 4 610 | 610 |914.4 Sl4.4 | 9144 914.4
6S | 18 18 r 18 l 18 18 18 18
T ] 25.4 | 25.4 25.4 ' 25.4 25.4 25.4 25.4
U | 8332 l 533.4 | 533.4 | 3382 §38.2 | 833.2 838.2
|V |571.s | 419 l 419 | 5715 | 571.5 | 5715 571.5
‘ W 381 | 295 295 351 ‘ 381 381 381
X 33.1 | 38.1 38.1 | 38.1 | 38.1 | 38.1 38.1
Y 33.1 | 33.1 l 38.1 , 38.1 | 338.1 38.1 38.1
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'PRICES SUBJECT TO CHANGE WITHOUT NOTICE

12-Jul-90 TOYO PUMPS NORTH AMERICA CORPORATION FAGE 1
Q - PARTS LIST FOR DEC 81-80-4E-72
x CRITICAL SPARES
% RECOMMENDED SPARES
ITEM# PART # DESICRIPTION Q@TY  PRICE
201.0 B1-BO/Z01M MODULAR SHAFT 1 1,712.50
£ 202.0 B15002-12L B4y IMPELLER 1 2,125.00
*x 203.0 KEY/14X3IX30 IMPELLER KEY 1 16.00
£ 205.0 B1-80/205 IMPELLER COLLAR 1 234.00
x 206.0 NM-2702SS NUTS SS 1 23,42
«x 207.0 E3-499 CUTTER FAN 1 283.24
% 101.0 B15001-020012 CASING HIGH CHROME 1 6,300.00
« 104.0 BI—150/11-HC DEL IVERY COVER 1 1,326.00
*% 110.0 OR.125X13.7S O-RINZ DELIVERY COVER 1 9.60
151.0 SM—1660SS STUD BOLTS 12 17.68
152.0 NM-1602SS NUTS 12 11.94
161.0 RM—1670SS BOLTS 4 5.19
162.0 NM-1602SS NUTS 4 11.94
501.0 81-B0/S01-72M SUPPORT COLUMN 1 1,686.00
551.0 RM-14255S .ROLTS 4 0.68
552.0 NM-1402SS NUTS 4 2.18
601.0 DB3-CS BEND 1 29.64
* £54.0 RG-3 GASKET 1 1.78
. 164.0 RG-3 GASKET 1 1.78
611.0 DP3X70 DISCHARGE PIPE 1 465.00
£51.0 RM—166553 BOLTS 4 18,77
£52.0 NM-1602SS NUTS 4 11.94
655.0 RM—1016 BOLTS 2 0.45
811.0 B1-80/811 STRAINER 1  975.00
* B811.4 B1-80/811.4 STRAINER PLATE 1 138.00
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‘ . MARCH 1990

E" STYLE BEARING HOUSING PARTS LIST

ITEM #  PART # DISCRIPTION PRICE CDN  QUANTITY
EA.

302 NU2220E BEARING -RADIAL * 249.75 1
312 7218GPUA  BEARING -THRUST . x 230.77 1
331 BHC/E1053 BEARING HOUSING MODEL * 1710.10 1
301 160DC51 RADIAL BEARING HUB 338.20 1
318/306 P-5200 , O-RING * 10.57 2
314 KM18 LOCR NUT 26.11 1
305 CcM-1630 SOCKET HEAD CAP SCREW 1.23 4
303 RR180X4 INTERNAL RETAINING RING * 45.26 1
315 160DC37A  THRUST BEARING COVER 285.00 1
311 160DC378 THRUST BEARING HUB 285.64 1
317 RM-1660 BOLTS 1.05 "4
211 V100s FLINGER-FORSHEDA V-RING 2 25.37 1
210 vaos FLINGER-FORSHEDA V-RING * 20.65 1
304 LS100X140X130IL SEAL * 31.53 I
316 LS80X100X13 OIL SEAL * 17.03 1
313 MB18 LOCK WASHER 3.70 1
’ 319 GN.125 GREASE NIPPLE . .90 2
320 PRFIT.125 PRESSURE RELIEF FITTING 17.27 1
355 RM-2090 BOLTS 2,37 4
356 NX-2002 NUTS 0.98 4
351 RM-1480 BOLTS 1.50 - 8
352 NM-1402 NUTS .20 8

7
'*/CRITICAL SPARE PARTS

N0 —
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EQU

L

10.

11.

12.

FMC POCATELIO

EQUIPMENT NUMBER CHECK SHEET

T8

IP.NO.:(,7- YO4$F DATE ASSIGNED: /1-28-95 N.ECH.ENG:/?\54£MS7ZDNG-

PROJ.SUPER: /- FrLooSTERD ELEC.ENG: )/ 2 o rvisR

ITEM DESCRIPTION - Z oy gce Wastewarez Coecmn SemP
OFF-Gas BLowsrR.
ITEMS INVOLVED IN EQUIP.NO.- ~XesSSwle JLOWER.

2OHB, 3LodRPM, 230/460V, 3¢, TEFC, 25T M

Unimi2y 345 «-J/spe b 1SOLATORS,
ITEM TAG NO.- F- X400

MANUFACTURER- New Yook SLowse
MODEL NO. - Z/10S FE=EssuRsE BLower,

DOCUMENTATION & MANUALS—AH7HCQ§D

SPARE PART LIST - Nowve
STORES LETTERS - NONE

DRAWING LIST - 39SO%9 239518y <ABLE Swiue
25 S0%% 3455bo CoONDvIT
395088 345507

PURCHASE ORDERS - 9S522502<&
EQUIPMENT COSTS -*z4 1o

VENDOR DATA - ATTACHSD

SPECIFICATIONS NEEDED -~ Z2500cem (R2S "H0 smamc. Passsee
204p, 3600 £Pm, 230/460 vourT; 3F TisFe rhToR
MAINTENANCE FILES AND RECORDS DATA: DATE COMPLETE- 3-Z7-9¢

PROPERTY ITEM CARDS IDENTIFIED -

CAPITAL AFE NO.- (94/-20:025



C94-20 CONDU'SCIIEDULE

DAT‘/\ 195

CONDUIT CONDUIT EQUIPMENTAND INSTRUMENTv.'fﬁ. ST INQLUDED I-REFERENCE © REMARKS
#io T4 - B % FROM AR G | SReRaniisa il TO R “, 'CABLES'". | DRAWINGS i Bt
C1151-95 1* F-1400 F-1400 1501, 1502 395560
MCC "F13" UNIT 4AN 1503-95 52100
C1152-95 iy F-2400 F-2400 1504, 1505 395560
MCC "F24" UNIT 2JF 1506-95 52101
C1153-95 1" F-3400 F-3400 1507, 1508 395567
MCC "F34" UNIT 1JF 1509-95 52102
C1154-95 1 F4400 F-4400 1510, 1511 395568
MCC "F42" UNIT 3HR 1512-95 52103
Page 1 REV.0

EXCEL: 1013CDT.XLS




C94-20 CABL'SCHEDULE

0.1 21195
I

N R VIR pa s b Whisitly | RS at ek e s . ; e g Y T
0% 1 ; N ) " 1 o I .
CKT# /|# CABLES TYPE tEQUIPMENT “AND ' INSTRUMENT /| APPROX.
. ! “ 1Y 4T a i ¢ it .”m 82 b e \.,5;,_ o 2 3 s £, Rt
P i et SR e TO -'3‘:"'“:’*"".' ‘LENGTH
1501-95 2-1/C #14 THHN F-1400 PS-1400 395560 C1151-85 F-1400
MCC *F13" UNIT 4AN PI-1400 52100 Loss of Vacuum Ind.
1502-95 4-1/C #14 THHN F-1400 F-1400 395560 C1151-95 F-1400
MCC "F13" UNIT 4AN Local S/S StaiU/Stop I
1503-95 4-1/C #8 THHN F-1400 F-1400 395560 C1151-95 F-1400 |
MCC *F13" UNIT 4AN Motor Molor Wiring
1504-95 2-1/IC #14 THHN F-2400 PS-2400 395560 C1152-95 F-2400
MCC "F24" UNIT 2JF P1-2400 52101 Loss of Vacuum Ind.
1505-95 4-1/C #14 THHN F-2400 F-2400 395560 C1152.95 F-2400
MCC "F24" UNIT 2JF Local S/S Start/Stop
1506-95 4-1/C #8 THHN F-2400 F-2400 395560 C1152-95 F-2400
MCC *F24° UNIT 2JF Motor Motor Whring
1507-95 2-1/IC #14 THHN F-3400 ~ PS-3400 395567 C1153-95 F-3400
MCC "F34" UNIT 1JF P1-3400 52102 Loss of Vacuum Ind.
1508-95 4-1/C #14 THHN F-3400 F-3400 395567 C1153-95 F-3400
MCC "F34" UNIT 1JF Local SIS Slart/Stop
1509-95 4-1/C #8 THHN F-3400 F-3400 395567 C1153-95 F-3400
MCC “F34" UNIT 1JF Motor Motor Wiring
1510-95 2-1/C #14 THHN F-4400 PS-4400 395567 C1154.95 F-4400
MCC "F42" UNIT 3HR Pl-4400 52103 Loss of Vacuum Ind.
" 1511-85 4-1/C #14 THHN F-4400 F-4400 395567 C1154.95 F-4400
MCC “F42* UNIT 3HR Local S/S Start/Stop
1512-95 4-1/C #8 THHN F-4400 F-4400 395567 C1154-95 F-4400
MCC "F42" UNIT 3HR Motor Motor Wiring
i
EXCEL: 1013CBL.XLS Page 1 REV. 0 |
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Accessories

Noms checked ore la be fumished

FLAMGED INLET, Fits ANSI 130 plpe fongea.

YVENTURI INUET, with guord,

PAN PPE WLET,

STEEL WHEEL

ORAN, 1” tonk flenges (lwws plug).

WA'TR OUTLET CAMPER, TYPE W, per /0wNQ e
WAFER OUTLET DAMPER, TYPL BL. per drowing
FLEXIBLE CONNECTOR, per aowing oo
INLET FILTER, per drewing e

ISOLATION, per drawing oo
————T VL SPARK RESISTANT CONSTRUCTION.
SHATT SEA. CERAMIC FTLL.

3J0TF Uww BOCF WEAT FAN (slewl wheol, shofl coower,

||HH|I||II

—_— N THE NELD.
,l FURNISHED WITH FLANCED OUTLET
YIRCH ATS ANS 120 PPC
MAXUN

\il\' DA

PACSSURE BLOWINS ARE ROTATARLE

TOWPTRATURE:
ALUNINUM WiEDL (STD.) —==300F
STECL wHCEL e TV
WEAT FAM e = o e e OO

guord, ond high=temg. paint).

___ NOMINALY AR TIGHT CCNSTRUSTION (sofid drive sice,
T whafl sl neapcene lniat plale qoskal]. Blower Aot
rotolodie a the fald

BELT CUARD, per SOWING o’

ST GUARC,

UNITARY BASE, per drowing
FLUSH BOLTED CLEMOUT COJR, lecalsd o\
SLENCER, per orowing _______.

—_— S ek,

1111 |

FURSALESFL‘. 35S ONLY

Tis drowiag bos L C i been certdied!

FAN DISCHARGES — VEWED FROM CRNE STOC

DIMENSONS (IN INCHES)

Wed/0 W
:
( 1
!
{
Vo
s
< =)

DWUCTER A £, ' o [x[ v [ v o] v
176 TRU 18 |18 172110 /B 111 9/« |2 TR IR AT 1 e 0
19 HRO-IT 2T S8 16 1724 T8 )14 1 /2 )07 w215 v/r) e |0 2/8 )11 37400 INHe) /A )t
2 mory 28 |28 S8 (19 122017 soala azalao spmiam /el (vo y/mine szaly ni/ne] 378
WREDL  [ouTlLT| o p 1 7 [ i u x mr}.’) T ONOLIONS Lﬂ;:;f'
e meu e |+ |18 /e |3 5/8(3 ws| € /0| 3T/ /E) 4 cJ ""\“‘ o> Tholow|
{ e lle 174 8 /4 3 s 1Mld V2] 8 3 3] /2 A
'S TWRU 181 8 118 1/4128 B S/¢ 378 17414 /2 [ 3} e 912N L]
. oo/ i /8 LY RIAIERYA] - . ginN 3R V2) 8|
18 DeU 22 [ 123427 188 08 637803 /8|3 /8 4 s a4 17416 12 '
B |17 3/4 |20 B3I/l Base|s 1/414 02 8 ) 12 |17 19 12| 1
1g |2 374\ s3/6l @ aala vyalen2l 1o ) i
[) 19 7 ¢ 3/8]3 NRZL) [} [}
- s 19 ¥ 3/8(7 g 5/8(8 3 7/8 ] '
k‘: THRU 28| 5 |: »n v /efio dzal7 174l 10 1"
12 Y2y V3 V7 vzelio a7 vzels | 21 %
NSRS IOAD NOT B USED FOR CONTTRUCTION PURTCSTY (A(39 CCRA/WG,
DATE CERATFIED CONTROL NO. CERTIFIED |FORM NC.
DRAWING B-1 Q
CUSTONER'S NO. .
CUSTONER'S NAME ™
5 L | e
- Cuo‘nJ
MOTOR 8Y MTS, BY DRNVE BY L-"nﬂ. '-'-255”2" a‘._'.'zht; 1 T5TEY] Podt Oy ot W s, & 02|
WO § (DM wdemes b QL)
L_f_nn.:;-—-ﬂ
FAN DATA = . -
S2E* | QY. |  OISCHARGE i N i BHP O3 I RPM PP-ESSDRE qu‘ﬁ'ER
— : : ! ARRANGEMENT 1
\ .
ZES 14 THRU 2¢
MOTOR DATA DRIVE DATA g
{[ 20S. | APu | WP | CLECTRICAL DATA |rruuL] DOLTS | ORMVER | DRWVER | CRNTERS
! ! ! L 11 . ) AWING NUMBER l
L T 1 [ OR. 3
FILL WG e
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DESIGN FEATURES

Arrangement &
Pressure Blower
with Vanturi inlet.

-@ EHiciency . . . advanced wheel and aerocyramic e
housing design ccmbine tor air-hancling efficiency
superior to canverticnal radial wheel designs.

® Lower sounc levels. .. the dual-taper design oifers
sound levels markedly lower and less irritating than
conventionzl radial cesigns.. . scund power ratings
are available ugon request.

@ Stable perjormance...the pressure curve remains
stable from wide apen to cicsed oft . . . tan insia-
biiity, or puisation, is eiiminated even when “turn-
cown" 2pproaches zeroc ow.

& Wide performance range . . . choice of 13 whee!
diameters and five outlet sizes enables etficient
{an selection across a broad range of volumes and
pressures.

e Versatility . . . various accessories, modificatiens,
afloys, and arrangaments are avaifzble.

® Wide appiication range . . . designed fer continucus
operation in combustion, cooling, conveying, drying,
and various prccess systems. -

CONSTRUCTION FEATURES

Arrangement 1
Pressure Blower : .
with piain pipe inlet. All-welded stee! housings—hezvy-gauge housings are
rigidly braced to prevent “drumming” at high pressures
...rotatable to any of the standard discharge positions
shown on page 11...standard housings and steel and
stainiess steel wheels are reversitle, aluminum wheels
are not.

Liking eyes—standarc on all units far easy of handling
and installation.

Qutlet flanges—continucusly weldec flanges match
ANS| Class 125/150C hole pattern.

Inlet connections—a choice of iniet types enables the
units to be tailored to specific applicatians. Veaturi pro-
vides streamlined flow for open inlet applications...
standard with wire guard. Plain pipeisideal for flexible C

. Arrangement & sleeve connection...also se¢ page 4. Flanged inlet is

Sressure Blower continuously welded...recommended for gasketed
‘ with flangecd inlet. duct connection 2nd required for the inlet filters de-
\ Bl { scribed on page 4.

< Sooyright 1984, 1990 ty The New Yorx Siowor Comaany

PAGE 2



. STANDARD ALUMINUM WHEEL

®

)

The unique Pressure Blower wheel is designed
to provice efficient performance and reduced
sound levels . . . the dual-taper design cancept
yields typical efficiencies up lo 10 percentage
points greater than conventional straight radial
wheels. Riveted high-strength aluminum alloy
blades and side piztes minimize cverhung wheel
weighs and starting inertia. Ductile-iron, taper-
lock hubs make wheels easily removable. Welced
steel and stainless steel wheels are aiso avail-

abie ... see page 4.

AMCA air performance—The New
York Blower Cempany certifies that
the Pressure Slowers shown nere-
in are licensed to bear the AMCA
Seal. The ratings shown are based
on tests made in accordance with
AMCA Standard 210 and comply
with the requirements of the AMCA
Certified Ratings Program.

Stancard aluminum wheel.

®’rOR PROCESS SYSTEMS

-

ARRANGEMENTS

—

©)

ARRANGEMENT 4

A compact direct-drive unit with a
minimum number of moving parts
for easa cf maintenance. YWheel is
maounted Zirectly on mater shaft.

Maximum airstream temperature:
1EL°F.

ARRANGEMENT 1

Recommended for belt-driven ap-
plications oniyx. Wheel is mcunted
on shaft mounted in heavy-duty
bearings.

Maximum airstream t=mperature:
200°F.—aluminum wheel.
300°F, —steel wneel.
60Q°F.—heat fan.

ARRANGEMENT 8

Direst-drive arrangement similar
10 Arrangement L. ut with raegral
motor pedestal...fan shaft is con-
nected to the motor shaft with a
{lexible coupling.

Maximum airstream temperature!
200°F.— aluminum whezel.
300°F —steel wheel.
600°F. —heat 1an.

|

PAGE 3



FLANGE FITS ANSI 150 PIPE FLANGES.

FLEXIBLE NEOPRENE SLEEVE HELD ON
STUB PIPE AND STANDARD 4, 6, 8, 10,
OR 12 INCH PIPE OF SYSTEM WITH WORM
DRIVE ADJUSTABLE HOSE CLAMPS.

SLEEVE
DIMENSIONS FLANGE DIMENSIONS
HOLES
SIZE| 1.D. SIZE|I.D.| B.C. 0.0. lyo. & SIZE
4| 41/2 41 a1 71/219 8 — 3/4
6—-|—6-5/8 6—|—6-—-8—/2|11——|—B-—7/8
8 |8 5/8 8| 8|11 3/4[13 1/2| 8 - 7/8
—40-110-3/4| |0-|{10-[143f4H6——|-12—1—
12 (12 3/4 12 [ 12 17 19 12 — 1

TOLERANCE: +1/8"

CERTIFIED|FORM NO.

SIZE

FAN SIZE

Qry.

DRAWING | B—-6 L
DIMENSIONS SHOULD NOT BE USED FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED.
DATE _01-09-96___ CERTIFIED _ikm ku  CONTROL NO. __100_ nqh|N2;;, P
CUSTOMER'S NO. 9522502-C 7660 Quincy Sirest Company
TAG

Willowbrook, . 80321

FLEXIBLE CONNECTOR
FOR
PRESSURE BLOWERS

DRAWING NUMBER

FILE NO0129-100-1




HDCOVER

" FMC CORP

PURCHASE ORDER : 9522502-C

\_TAG : F-1400

FAN INFORMATION MOTOR R\’FOR.N[ATION

QUANTITY g & ENCLOSURE TET

FAN TYPE : Pressure Blower - ST HORSZPOWER 20

FAN SIZE : 21108 REM 3500

FAN CLASS : NONZ ELECT. DATA 3-50-230/480

ROTATION : CCW FRAME SIZE 288T

DISCHARGE : TAU MOTOR PQS Z

ARRANGEMENT : 1 MOTOR BY : NVYB

INLET TY?E : FLANGED MOUNT EY : NY3

FAN PERFORMANCE DATA

MAX SAFZ SPEED : 3900 RPM at 70 Deg. [
CAP TYPE CFM S? RPM BEP TEMP LT DENSITY

2 CPER 2500.0 25.00 3408 15.20 70 5000.0 0.062% |

I
DRIVE INFORMATION
DRIVE S.F 1.3
FAN SEV QTV 1 FAN SEV PART NUMBER : 2BS8SDS
FAN BSE QTY 3 FAN BSE PART NUMSBER : SDS X1-7/1¢
MTR SEV QTY b MTR SEV PART NUMBER : 2B58SDS -
MTR BSE QTY : 1 MTR ESE PART NUMEER . SDS X1-5/8 1
BELT QTY 2 BELT PART NUMEBER BXSS t
CERTIFIED DRAWING PACKET* ;

FAN CERTIFIED. DRAWING. ¢ e cccssasceasacssvsesocsssnssssssse DwgH N00129-105-2

BELT GUARD..... Reneoac s o ki, o este, BB LRI (e HGIALY 1 (6HeY TR ARAVSHONS Al Dwcw N0012S-106-3
UNITARY BASE: oo oniaim sievalara Ve averaters sieneiNie srevated sieia Brelereierisies o Dwg# N00125-107-4
ISOLATION

ADDITIONAL ACCESSORIES
SEAFT & BEARING GUARD
DRAIN

LS aE e R eeaTe e SlerEVa el iE AN BIETSIN)E SIMIOTS WiSTe WSS Ry Nl Dwg# N0012S5-107-5

nyhb)x

ADDITIONAL INFORMATION

7660 Quincy Streel. Willowbrook. IL 60521

New York Blower

Company

NUMBER OF DRAWING SETS : 6

ESTIMATED SEIPPING WT. : 882 1bs. Pressure Blower - ST
(:ncludes fan, motor, & pertinent accessory weights) SI_ZE ‘71105
» DRAWINGS ARE FOR CONSTRUCTION PURPOSES Date 01/9/98 Certified JIKM

Drawing No._N00129-105-1

Rev._—__




(FMC CORP

PURCHASE ORDER: 9522502-C

LTAG: F-1400

o

PRESSURE BLOWERS ARE ROTATABLE IN
THE FIELD BY 22 1/2° INCREMENTS.

FURNISHED WITH FLANGED INLET AND
OUTLET WHICH FITS ANSI 150 PIPE
FLANGES.

MAXIMUM TEMPERATURE : 200°F (83°C)

TOLERANCE: =1/8" (£3mm)

The

New York Blower
Compcny

nyb

766C OQuincy Streel. Willowdrook. IL 60521

: T
| ]
) T U
| ||
| I
|
l TuU
1 | |
| & Nt !
X_g/16" DIA. HOLES
TEM DIMENSIONS FLANGED DIMENSIONS
in | mm QUTLET in |mm
A 123 5/8 1600 1.D. 10 | 252
H | 2¢ 737 8.C. 14 1/4]352
L | 8 5/8 |219 0.D. 16 406
M | -6 1/4 158 NO. HOLES 12 | -
R 4 1/2 |114 DIA. HOLES | 1 | 28
T 10 7/8 |276
U |11 3/4 |288
W | 6 3/4 |171
) 131 9/16|802 FLANGEZD DIMENSIONS
c 117 432 INLET in | mm
d 113 381 1.D. 110 254
SHAFT DIAM, | 1 7/16 | = 8.C. 14 1/4|362
KEYWAY | 3/8 - 0.0. 16 | =
NO. HOLES 12 | -
DIA. HOLES | 1 | 25

PRESSURE BLOWER
SIZE 2110 CCW TAU
Certified __JKM.

Date .01-08-956

Drawing No._NO0128-105-2 Rev.___




FM18_2

PURCHASE ORDER : 9522502-C
[TAG : F-1400

" FMC CORP )
|
)

PCSITION W PCSITION W POSITION W
FRONT VIEW TOP VIEW BSACK VIEW
7 TACH MCLE — —
WiTH RING G
SUPPORT BAR: L £
\ FOR ONE PIECT —|—
N\ SCREINS OVER X T
Q 77 LONG OR
TWO PECE SCREENS
c \ A
N\ ]
L| &3
k) L -
L — S H —_— Lt
t " ¥ — = '3
POSITION 2 POSITION Z posmc~Ez
FRONT VIEW OF_VIE EACK VIEW
FRONT VIEW TOF VIEW "
1} —
£ |
|
172 :
7 !_.g ==
- - — .
) Y - l"-___r:' ¥ !
: T = PG A —-
"L =11
3 — {134 § sl | o ! -
(4)-3/8 x 7/€ SLOTS =1 374 Ny | -
AMCA STANDARD MOTOR POSITIONS DIMENSIONS
MOTOR POSITIONS ARE DETERMINED BY
VIEWING FAN FROM DRIVE SIDE. AND
SELECTING W OR Z. A | 23.5/8
C
CONSTRUCTION FEATURES 28-7/8
1.0IM."L" IS BASED ON MOTOR MOUNTED D 36-15/16
ON NEMA SLIDE BASE AND WITH E
SUPPORT CHANNEL WHEN UNITARY BASE 5-1/4
IS FURNISHED BY THE NEW YORK H =
ELOWER COMPANY. 53-3/8
2.DIM"R" IS FROM CENTERLINE OF
GUARD TO CENTERLINE OF FOOT. L | 91316
3.GUARD FEZT MAY BE OFFSZT TO CLEAR R o
BEARING PEDESTAL BASE BAR.
4.REMOVABLE FRONT IS ATTACHED WITH S | g
SPRING HOOK CLAMPS. =
| 3
V1is

TOLERANCE: £1/8" (£3mm)

nyb
7560 Quincy Street, Willowdrook, L 60521
ARR. 1 BELT GUARD
Pressure Blower - ST SIZE 2110S
Date 01/9/96 Certified JKM=_~
Drewing No. _N00129-106-3 Rev.___

Approx. Wt.(Ibs): 89

The
New York Blower
Compcny




o 10-7/8 —e]- 4-3/8 -
gl
77—
.- 16-1/2 —T o~
——| -— 1 1/2
I | : : ________________________ __1;_ —
Ak ' AV
CV| | n! |
Lo : ¢ a-1/2
5-516 |1 I : C — ran sharT
] 1
- 'u ¢
== “ | 1 HOUSING - B e
| | | |
9-1/4 | 4 : "I: 3/4
|
23 1\:“ ' ]
I g — | |
1 I e |
o :' (O | 12-1/4
| ) | B 19-3/4
I ] L 5 | -
I —H— i ! f— @ - 916
:: nh I: I :I : DIA. FAN MTG. HOLES
[DV] AT ey l L[V [BY! I
D e e e e 1 i St Selii —_1
S — - ! —|=- L G |
QI ' ' J__I'd) /
| 7-3/16 /
(4) -5/8 DA | | 4 .« 9/16 DIA. UMITARY
Base voLes | SUDEQBASE 15/16 1—‘— m L BASE MOUNTING MOLES.
l 1 kT N (4)-5/8" DIA. HOLES
D "W . B P
37-11/16 —~{_ 3/4




v o |

! ‘ ! | 53-5/8 & g . . .

1 1/4 — 1 1/4
l r-.! _ﬂ !'_ ‘ (4)-1" DIA. LIFTING HOLES —-| -— 1 1/2
il g oo N |

fhe v AN A N [T~

_ I
! \—F—/ ! 20-1/4 ——-L— 5-1/8 —= !

—] }— 1 1/2

=

NOT REQ'D

BILL OF MATERIAL
WHEN BASE CHANNEL “C" IS 100" OR
LESS, 4 BASE MOUNTING HOLES REQUIRED.

A _4"x 5.4¢% X 23 LG.CHANNEL 2 REQ'D. WHEN BASE CHANNEL “C" 1S MORE THAN
C_4"x 5.4¢# x__ 68 LG.CHANNEL 2 REQ'D.
D_4"x 5.4% X 7-3/16 LG.CHANNEL 2 REQ'D (USED WHEN BELT GUARD IS SPECIFIED.)
E rRAME __ 2567 __ MOTOR SLIDE BASE BOLTED TO UNITARY BASE
3 LG.BAR 2 REQ'D (326 FRAME AND LARGER)
DWG. NOT TO SCALE TOLERANCE: + 1/8"
DIMENSIONS SHOULD NOT BE USED FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED.
DATE _01/09/1996 CERTIFIED _JKM___ CONTROL NO. 107 CERTIFIED |FORM NO.
DRAWING U-—1
CUSTOMER'S NO. __9522502-C
CUSTOMER'S NAME __FMC CORP n b The
TAG __F-1400 . q |New York Blower
o Company
SlZE 21 108 TYPE Pressure B]ONer‘ o ST CLASS NONE OTY_ 1 7660 Quincy Slresl-Willowbrook, RL. 60521
BELT CENTERS __39-7/16 UNITARY DBASE
I'OR
ISOLATORS (WHEN REQ'D) ; ARR. 1
AV 0OCT-1 RED-3 DV OCT-1 WHITE-A4 - "ot
gy __OCT-1 RED-3 EV POSITION "7
cv OCT-1 YELLOW-2 FV WITH
STANDARD MOTOR BASE
DRAWING NUMBER
Approx. Wt. (I1bs): 106 NOTE: Weight does not include weight of slide base. FiLe__N00129-105 4




Installation Instructions: ‘

1.  Elevate base or equipment to operating helght and Insert blocks to hold In
this position. (If Jacking, lift from all brackets simullaneously - Do not place ex-
cesslve load on any one bracket.)

2. Place Isolators In position under brackef, base, or equipment leg. Isolators
must be installed on a level surface.

3. Turn lock nut onto leveling bolt, then Insert bolt down through hole in bracket
or base and Into threaded hole In Isolator top housing.

4. Proceed lo adjust Isolators by turning the leveling bolt clockwlise several
turns at a time alternately on each Isolator until load is transferred onto
springs and base Is ralsed uniformly off blocks. Reniove the blocks.

5. Turn lock nut clockwise and secure firmly agalnst the top of the bracket or
base.

6. Mounts are now properly adjusted and ready for the equipment to be
operalted.

OST1, 3, & 4
SPRING ISOLATOR DIMENSIONS (INCIIES) N @\
MODEL NUMBER =0T Fyi A [ B[ _C D E [ F G | LOCK HUT

0STI = 1 w8 |2 1/2|3 1725 |4 |2 1/2|5 1/4]|9/16|5/8 |1 1/4

OST2R—F21 thru F26 |1 3/4 |3 1/81 4| 312 1/8|4 3/4 7/16 | 1/2 |1 1/16 F DIA. BOLT
OST3 —F30 thru F41|2 7/8|4 1/4| 6 [ 5|3 6 9/16 | 5/8 |1 1/2 : )
0ST4 —F50 thru F59 |4 1/2|6 1/217]6 |4 1/2 8 1/4 9/16 3/4 |2 1/4 n

’ “X' LEVELIIG
TOLERANCE = %" nHur
\NEOPRENE cup

MATCHING BRACKET —OCT ONLY
(OPTIONAL: FOR HEIGHT SAVING CLIP BASES ONLY)

MATCHING BRACKET

(OCT ONLY)

E DIA. IIOLE

NEOPRENE COVERED
BASE PLATE WITH CUP




NEOPRENE COVERED — |
BASE PLATE WITH CUP . .

9/16" — > J .
DIA. HOLE \{\ 5/8
/

Dimenslons should not be used for construction purposes unless cerlified. '

DATE __01-09-96 _ CERTIFIED _ikm kw _ CONTROL NO. 107 _ CERTIFIED | Form no.
DRAWING V-4 C
CUSTOMER'S NO. __92522502-C
CUSTOMER'S NAME THC DoAY 7660 Quincy Streel
TAG F-1400 Willowbrook, lllinols 60521 |
The
lll]]) ‘ New York Blower
QTY. MODEL NO. COLOR i
1 OCT 1-2 YELLOW _
2 0CT 1-3 i OCT (HOUSED), & OST
L ver 1= LU SPRING ISOLATORS

for
FLLOOR MOUNTING

DRAWING NUMBER
FILE NOOIZ‘)—!()7-—5
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

APPENDIX 6 SUMP SYSTEM DRAWINGS
P&IDs

395053 ~Wastewater Collection No. 3 & No. 4 Furnace and Furnace Area Sumps, Rev 13

PHOSPHOROUS CHEMICAL DIVISION A-7 Aug-99
FMC CORPORATION
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FURNACE WASTE WATER COLLECTION SUMP SYSTEM V-4400
DESIGN ASSESSMENT AND CERTIFICATION

APPENDIX 7 INSTALLATION INSPECTION

INSPECTION CHECKLIST & SIGN OFF

|
|
|
PHOSPHOROUS CHEMICAL DIVISION A-8 Aug-99
FMC CORPORATION




SFECT/ MICERT IS

RUST Constructors Inc.

FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

DOCUMENTATION INSPECTED RECEIVED FORMS COMPANY SIGNATURE DATE
Field Equipment and Materials
T }
1/4" 316L SST Diamond Plate Material Certification v’ (500020744 K057 1,5/4 8/57/1'1
v > /)
1/4" 316L SST Diamond Plate Material Received Condition " RosT /o J/f/ 5/3q/?1
. b ;
Breather Vent Receiving Inspection / a//nu A(A/ﬁ LUsT é(ﬁ// 8&:/7-7
Pressure Regulator Receiving Inspection 1/ /%M{ M LUsr M 8/3’.‘/51

Miscellaneous Component Receiving Inspections

v o venmoot past  UsT

Y2

5307

Shop Double Wall Pan Fabrication (»Pfemior-)-i‘a“'

PO (500034308

1/4" 316L SST Plate Material Certification / Qus"' @> 8-26-5G
Stainless Steel Hardware Material Certifications A ng ‘f' @ 8-20-99
Stainless Steel Pipe Material Certifications / Qq 5-(— @ 5-20-99
Fabricator Quality Control Manual v Pust @ §-2e 99
Weld Procedure Specifications and Qualification Records / {2‘,(51‘ @ £-20-97
Welder Qualification Test Records v Rust @ 8-20-77

Page 1 of 6



‘. CHINCERT S

RUST Constructors Inc.

FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

DOCUMENTATION INSPECTED RECEIVED FORMS COMPANY SIGNATURE DATE
Liquid Penetrant Test Procedures v (us'l’ (‘@’/-{> g-20-99
Liquid Penetrant Test Records/Reports v v~ Zqé’" ( 53’/{ -/ 8-20-99
Inspector Credentials/Certifications ik Qu _g'( SA 8-20-7%
Repair Reports v s (4 us“' @ 8-20-99
Shop Drawings v v’ Rust @ A-20-99
11 Gauge 316L SST Sheet Material Certification / Qus‘\‘ @ 8-20-99
7 Gauge 316L SST Sheet Material Certification N Rust @ 8-20-99
Bolt/Stud Material Certification
Stud Visual Weld Inspection
Physical/Dimension Inspection v A/ R().Sr ﬂﬂ&\»— 3/2‘777
Clean/Dryness Between Primary & Secondary Plates v /\/,4— /?U ST ?ﬂ@'—’—\ 3 2&‘7"

Field Double Wall Pan Fabrication/Installation (Cole)

Containment Area/Sump Existing Surface Inspection L /(,//-7' ﬂ us7— /é/&_ yyz?/cﬂ
Fabricator Quality Control Manual ' -
Weld Procedure Specifications and Qualification Records Z ﬂ u5+ @\ £-20"99

Page 2 of 6




NSFECTIONCEAT M8

RUST Constructors Inc. : FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

12/21/¢¢

DOCUMENTATION INSPECTED | RECEIVED FORMS COMPANY SIGNATURE DATE
Welder Qualification Test Records “ 7 2.45 f‘ @) 8-20-99
Liquid Penetrant Test Procedures  Diamap D H"Tgs#m% v’ & lz.»-a"' (ﬁg} $-20°99
Liquid Penetrant Test Records/Reports v v~ Kuf' 8-20-79
Inspector Credentials/Certifications / 7 2u$+ @ £-20-99
Repair Reports v v Qqs‘{‘ @ B-26-99
Stud Visual Weld Inspection
Pressure/Soap Solution Test Report / Q “s"‘ @ §-20-95
Side Wall Retainer/Side Wall Interface Clearance v v R USt ?7&»—- ‘?/70 /77
Expansion Joint Inspection/Gasket Installation Verification v v ﬂdgf 2//22,\. 5/)6/9‘7
Clean/Dryness Between Primary & Secondary Plates 24 NA ,éUS‘f’ ,é/’é\_. 9/20/91
Weld Identification Drawing (Weld Maps) v v Qusf @ 8-20-97
Field Piping Erector (Atlas)
(Do TuBES ONLY )
Fabricator Quality Control Manual
Weld Procedure Specifications and Qualification Records > / Q-LS“’ @? 8-20-99
Welder Qualification Test Records . il v Pust @ &-20-99
Non-Destructive Test Procedures: v~ F Rust @ £-20-9F
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FEFECTIOUTERT XLS 1221155

RUST Constructors Inc. FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

DOCUMENTATION INSPECTED RECEIVED FORMS COMPANY SIGNATURE DATE
Radiograph /“ i Rus t+ @ 8-20-99
Hydrostatic A/ A A K Fe——— p— e
Non-Destructive Test Reports: i F Zus{—- @ 2-20-99
Radiograph Records " o 4 Qust @ £-20-99
Hydrostatic Test Records L v Pust (Q_’j.) 8-20-99
Inspector Credentials/Certifications N S 2wt @ & -209¢
Material Certifications and Test Reports A/ﬂ /\/ﬂ S et
Weld Identification Drawings (Weld Maps) / > i {e“_s'}' @ §:20-92
Insulation/Heat Trace Inspection » o Rust @ p-20-9F
Field Structural Steel Erector (Sump Lid & Misc. Steel)
REBID By [Tecmicr-
Fabricator Quality Control Manual S 7 2«45”' @ 8-31-99
Weld Procedure Specifications and Qualification Records " v (qs'i’ ‘@' 8 -31-177
Welder Qualification Test Records v il Rus t @ 8-3-79
Non-Destructive Test Procedures: . v v’ Rust @ g&-3-97
Visual
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HSPECTIONCERT U S

RUST Constructors Inc. FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

1272198

Cleaning

DOCUMENTATION INSPECTED RECEIVED FORMS COMPANY SIGNATURE DATE

Non-Destructive Test Reports:

Visual Inspection Records
Inspector Credentials/Certifications

Field Civil Contractor

Concrete Mix Design: vl il eu_d’ (@@ £-20-99

Containment Walls Looo - v Ros7r /'/4_5 5-1%-99

Containment Area Floor CrPE dRovT v NAR U S n/c 3 7-27-99
Containment Wall Concrete Test Reports: v v~ Lust @ 8/3//??

Slump & Air “ v Kust Ce 8/31/9%

Strength (7 & 28 day) 3970 /540 / v Rust (e 8/31/59
Batch Tickets g ® 4 Puct @ /359
Sump Grout Mix Design CP& BLRoUr Vv AL 7 RS r MCH 7-27-99
Inspector Name/Credentials/Certifications 7 v Rust @ &/31/29
Containment Wall Surface Preparation: '

v o RIS7T McD 7-26 95

Page 5 of 6



RUST Constructors Inc.

FMC Alliance
Task: 96096.088

INSTALLATION INSPECTION CERTIFICATION SIGN-OFF
WASTEWATER COLLECTION SUMP SYSTEM V-4400

DOCUMENTATION INSPECTED RECEIVED FORMS COMPANY SIGNATURE DATE
Roughing v’ . {wf -77 4 - 3 F-3(-§9
Bonding Agent Application v v’ fwz' 7)7 6\3 §-3/59
Floor Surface Preparation: ¥ v 7(4“2- 7.C. 3 7-3/-%
Cleaning 4 v’ /Zaj ‘7)/ C_j P-3¢- 95
Surface Condition v’ v o 77/ 3 7 30-%7
Rebar Installation: v’ v %_,44)‘_ 7723 P-A-%
Epoxy Doweling e s 7(,“41' ")776) j 8- 3/-§9
Rebar Size & Spacing v~ o4 {M AT £-31-49
Floor Mesh Installation NA N A Ve ‘»/C’j P-3/-%
Containment Area Slope v v w 2/ C > §-31-97
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